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ADVERTISEMENT, 



Tlttt AHcmtag P«^ ^^»e irrilten to present an 
^mtttne of ^OieFftcts and ObselhrttdoDs wliidi the Autlior 
regard! ts tenAi^ t6 lM«t in the fiMrlnation of a Neir 
Theory of the Earth. Though they are only ike 
abridgment of a larger work, which he has been long 
preparing, yet in some parts he has been induced to 
enter into such details wi may render them useful as an 
Introducti<»i to Greology^ fiom their containing those 
facts and arguments which the present state of the 
Sdence has supplied. 

He has seen, a few days ago, in Dr Thohsok^s 
Annals of Philosophy for the present month, a notice of 
a Paper having been read in April last to the Geologi- 
cal Sodety of London, by A. S. Lillikgtok, Esq. on 
Granite Veins and Whin Dykes, in which the appear- 
ances are explained, upon the supposition that the beds 
containing the Veins were deposited upon the mass of 
which the vdn is a porticm, while that mass was in a 
fluid state ; and that the deposited beds were the first 
to become hard, in consequence of which they contract- 
ed, thus occasioning fissures, which were subsequently 
filled by the subjacent fluid mass. 

This 
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This explanation appears to be the same mth that 
^ven by the Author of the following Work, though he 
is ignorant of the data upon which it is founded. The 
leading ideas amtained in these pages wew read by him 
to a Scientific Sodety in the be^nning of September 
last year. He is, however, far more solicitous for 
proofs of the truth c^ his observations^ than desirous of 
priority of discovery, in a subject, where several of the 
inferences which he has ventured to draw, may have 
occurred to other observers. 
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TOWAtos . FOBMXka 



A NEW THEORir OP T^HE EARTlH. 



I(t Dbas Sib, 

JL ou have so frequently reqil6stfed irid to 
give ydu sotne account of the ideas which 'I 
have beeii led to Torm for these sothe years pait 
Respecting geological subjects, that I have at la^ 
determined to ofTei^ to yoiir considetatioii the 
following remarks. 1 beg thkt &t the com- 
mencement of an undertaking which I eaniiot 

« ... 

but regard as ardilous^ ktid even somewhat ha* 
2:ardous, you will believe, that tlidugh I haVe 



c. 



been 



been long convineed of the truth of* the princi- 
ples Which I am about to unfold, yet that I by 
no mians regard them as approaching to a com- 
plete Theory of the Formation of the Earth. 
But they are principles ttrhich have constituted, 
as you know, a latge :part of my studies ; and, 
after some detailed investigations, I am inclined 
to believe that- they may assist in solving that 
problem^ which has now become the most im- 
portant in the whole range of* the physical sci- 
ences* 

The objects of Geology are indeed so nu- 
merous and varied, as fully to justify the emi- 
nence to which it has arisen in our own time. 
Though it may owe something to fashion or ca- 
price for the rank which it now holds, yet it is 
impossible to deny, that the facts which it al- 
ready enumerates are of great interest, and the 
conclusions to which they frequently lead, of 
mighty utility. Its intimate connection with 
Gh^emisTiRY and ^(iNEftALOGY has assisted to 
raise it to its present state. To one of these 
sciences it is Indebted for the fundamental 
principles of many of its reasonings ; and the 

other 
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-Other b so subiietyient to it» that Hbai been 
justly saidy that ** Mineraioigy is the Alpha3)et 
" of Geology.' ' The numerous tad% whteh the 
Chemist has furnished to the mineral kingdom^ 
hare in many Cases been apfplied to Geology; 
nor is there any fact br prhaciple connected with 
the nature of material substance, which the 
Geologist may not render useful to his favourite 
pursuits Hence, it may be safely affirmed, that^ 
great as is the attention paid to this science at 
present^ it will rank far highef in fiiture times» 
when the number of its facts, constantly au^^ 
menting, shall have given a greater, certainty to 
the theories which connect them into a body of 
knowledge; a certainty not unequal to that 
which is attainable in the rest of the sciences. 
We are too apt, indeed, to despair <^ Geology, 
from its having been, till very lately, little else 
than a collection of hypotheses, and from its 
being, at this moment, the newest of the sci- 
ences. If, however, we cast a glance at the 
number, the variety, the interest, and utility of 
the facts already known ; if we consider what a 
rich harvest yet remains to be discovered, we 

A 2 may 



may be aUoWed to infbr, tbat, of all the scien- 
:ces» Geology is that of the progress of which we 
.should despair the least. 

« These remarks may be considered as inde- 
pendent of that fascinating influence felt in all 
Ages by philosophers, and which has so often 
led them onwatd with enthusiasm to trace the 
'nature and history of the world. Questions 
.which were agitated by Anaxagoras and Pla^ 
TO *^ and embellished by Lucrstius ; which 
even gave rise to some of the speculations of 
Augustine f , and which have been embodied 

in 



*■ See the opinions of Anaxagotas in Enfield's Histo* 
jy of Phflosophy^ vol. i. p. 160« The ideas of Plato are 
perhaps best unfolded by Barthelemy, in the discourse 
which Plato is supposed to give from the Temple of 
Minerva at Sunium, on the formation of the world Tra* 
vds tfAnacharsis, 

t St Augustine found on the sea-shore near Utica 
a fossQ tooth which he regarded as human^ although a 
hundred Jtumes the ordinary size. The teeth of elephants^ 

dug 
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in a greater or less degree with the popular and 
religious superstitions of all nations, must bo 
possessed of some interest. The nature of the 
arrangement of the globe, in mountains and 
valleys, strata and veins ; the occurrence of re*- 
mains of organip beings in hard rocks, not rare-r 
ly, or in small quantities, but in all countries, 
and often constituting the greater part of the 
strata ; the changes of a slower or more rapid 
kind which whole, tracts of country haye under- 
gone; ; all those have been applied, from the ear^ 
liest time^, to supply^ evidence to hypotheses of 
the most discordant kind* Most of these have 
been justly derided,, and have past into oblivion. 
Some of thorn still continue to supply a spring 
of well deserved ridicule. It has happened, it 
must be confessed, in fewer instances, that they 
have inspired geologists with a cautious and 

diffident 



dug up in many countries^ have been often appHed as 
evidence of the ancient existence of giants of the human 
species. 
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diffident opinion <rf their theories. Still, the in- 
vestigations of this science have never stopt : 
KiRCHER has written largelj^ upon it * ; Hooke 
imparted interest, by'associating his notions of 
a central heat with the phaenomena of earth* 
quakes j the hypotheses of Burnett, Wood* 
WARD, and WnisTOif followed j and, at the pre- 
sent day, it is interesting to reflect how com- 
pletely these last three writers kept possession 
of a large share of the attention of the age 
which produced them. Their systems were 
overthrown, like that of Butfon, hy*the obser- 
vation of facts ; and they were overthrown the 
more rapidly, in proportion to the imperfect 
nature of the data upon which they had been 
reared. 

In the present day, when so many aids 
have been derived from the advance of the 
auxiliary sciences, and when facts have been 
increased so greatly. Geology, like other branches 

of 

* Id his Mundus Subterraneus* 



of useful knowledge, has assumed a descriptive 
form. Its researches have guided the miner 
and the engineer. But how ofl^n have you la^ 
][nented with Vfl^f tl^at in our two prevailing 
theories, the same attempts are still made, as in 
the most ancient tiipes, to reduce all the phasno* 
mena phseryed to one or t^o leading ideas/ 
How oflf n have we hf en surprised, when study*^ 
Ing this subject, to An^, that these leading prin-^ 
ciples could not he at all reconciled to a corre- 
spondence with our present knowledge. So ra« 
pid has been tl^ progress of Geology, that it 

may be safely s^rmed, that there is no person' 

< . "• 

attached tp this study who ;s at present a We? ^ 
nerian or Huttonian, in the sense which, a few 
years since, was confined to these designations, 
Tlie necessity erf curbing or ^disregarding the 
influence of hypothesis has been fully seen ; and 
the discovery of &cts has goi^e on with ^ i^P^-* 
dity which the march of theory has been un- 
able to overtake. No longer are the pretensions 
of Geology derided, or its researches deemed 
useless. To trace the nature and changes of 
the planet which he is destined to inhabit, must 

always 
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always be a sublime inquiry tot Man* I£ all 
the objects sought cannot be yet attained, 
enough is k|iow|i to impress us with th^ 
4^epest interest. We know not, indeed, the 
history, of the revolutions pf the globe ; we 
may never know them all; to accomplish 
this may be beyond the powers of the mind^ 
But if tire discover sea- shells in the rocks of high 
mountains^ it bepomes necipssary to <;onclude, 
that^ at some former pf riod. these shells existed 
with living animals iat the bottom of the ocean^ 
If we find a rolled or roupded stope in th^ heart^ 
qf a stratum^ we must infeir that it bad once be-r 
b^ged to a rocky mass previpiisly existing, and 
had been subjected to the propess of wearing 
down» like the stones in the beds of our pr^ent 
streams. In the coal of our fires it has been sa- 
tisfactorily shewn, that we burn the altered 
wood of a former state of the world. Many 
species of animals have perished, but have left: 
their remains in the sd'.d rocks, to attest that 
they had oirce existed.-^The changes to which 
our world has been subjected are, iq fact, too 
staking and too mighty, to be passed by unol)-? 

^ervedi* 
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served by the most uninformed eye. Every 
mountain has given a character to the lower 
lamds around it ; every valley bears marks of 
the action of water. When we penetrate the 
superficial stratg, we ar^ constantly impressed 
by appearances, which impart ideas of the action 
of general Uws, When we carry our observa- 
tions fi^rther, a great regularity arises out of 
wh^t at first sight appears an ipextricable con^ 
fusion. 3y the discoveries in the skies, and the 
accuracy with which the dimensions of our own 
and of oth^r worlds have been measured, and 
their distances and specific gravities ascertain- 
ed^ we may be prompted to hopes of the most 
sanguine kind, from the careful and patient in- 
vestigation of appearances which are daily with-^ 
in the reach of our unassisted senses. In the 
language of Cuvier, ^^ genius and science have. 
" thus burst the limits of space,'* and may 
yet impart to us some certain knowledge of our 
jown globe. And after we are gratified with 
the scenery of the landscape, in traversing a 
country for the pprppse of geological investiga^ 
tions, a highei: pleasure arises from the elevation 

of 



10 

of the mind to new ideas of the great events to 
which the waters and the land have been sub- 
jected in remote ages. We find ourselves sud- 
denly introduced to the display of infinite Wis- 
dom atid unbounded Power, exerted ppon the 
largest masses pf matter, and acting on the most 
extended theatre. The ruins of a former order 
of things spring up at every step ; the beings of 
far distant times pass before us ; and the mind 
is carried onwards, by an irresistible impulse, to 
the consideration of a state which preceded t]i^ 
present calm and harmony of the System. 



It would be unnecessary to detail, at great 
length, the arguments by which the ideas of 
Hutton and Werner on the construction of thq 
world, have been usually supported. To Wer- 
ner we owe the first extended attempts to con- 
nect the facts of Geology ifitp a regular science, 
founded on observation and induction ; to himi 
we also owe numerous investigations of the most 
useful and interesting kind. He appears to have 
selected^ with great propriety, the primary and 

secondary 
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secondary rocks as the chief objects of his re- 
searches ; it is in them that the distiti^bances ex- 
ist on the largest scale, and it is to them that 
most theorists have resorted, for the purpose of 
determining whether the changes which left 
them in their present state were effected by the 
agency of water or of fire. His disciples and fol- 
lowers speak constantly of a c|iemical solution 
of all the primary rocks in a liquid, and their sub- 
sequent crystallization from it ; and they refer to 
the evidences of similarity presented by nature to 
^he crystals of artificial solutions ; to a supposed 
universality of deposit in a risgular qrder around 
the globe ; and to the occurrence of w^ter }n 
the strata. They connect these proofs with that 
original fluidity of our planet, which follows 
from its being an oblate spheriod, or at least ap- 
proaching to that form. 
. » 

They are opposed by the complete want of 
a solvent to act on substances so varied as the 
materials of the globe ; by the effects of com- 
pression ; but chiefly by the nature of the pre- 
cipitations which must have taken place from 
their ancient sea. This universal water must 

have 
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have at one time deposited chemically crystals . 
line rocks, and afterwards let fall only transition 
and mud-like strat^f in which many vestiges of 
crystallization notwithstanding appear. For, in 
a formation descendipg/r^^ abofv^, all the rocks 
vinust have been contained in the liquid at the 
s^ne time. If we siippose that a disintegration 
of the strata took plac^ as they WQre depositing, 
and supplied new materials to be again dissolv- 
edy this is one of the greatest obstacles to the 
hypothesis of Universal Formations. In fine, 
they are met by the inconsistency of their fluid 
dissolving stony sybstances, and yet leaving yn-> 
touched the bones and shells of organic brings 
which they inclose ** 

The Huttonian Theory arrests the imagi- 
nation by grand and original views, and by pro^ 
viding for a constant succession qf changes in 
the world- Nor can it be denied, that it has af- 
forded happy explanations of many detached 
phenomena, and, in its progress, has given rise 

to 



* The ccmsolidating efibcts of water are stiU to be 
proved- 
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-to much of tbit evidence wUich the science af- 
fords. 

Dr HuttoN tails in the aid of heat, fiom 
'the impossibility of finding any other solvent ade- 
quate to the effects produced ; from the non-ex^ 
istence of water In those rocks which beat 
marks of fire ; and from the irruptive power of- 
ten visible in veins and dykes where the regular 
strata have beenbrokeh, disihethbered, or chang- 
ed, in consequence of the iritrodUdtioii of streams 
• of liquid matter supposed to arise froili below. 
He connects this principle with another, the 
gradual disintegration of the land, by causes 
which we see daily operating. Th^ prolonged 
action of air and water, of rivers and currents, 
wears away the land gradually, and spreads it 
over the bottom of the ocean. There the cen- 
tral heat, acting upon it, consolidates the mass ; 
hardens fine gravel into '^ndstone, clay into 
clay-slate, calcareous particles into limestones and 
marbles. As this change goes on under the 
incumbent pressure of the ocean, the results 
differ, in many cases, from those which would 
arise if the same heat acted in the ain Sir 

JaM£S 
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James Mall lias shewn, in a tibutse o^adinittt* 
bly conducted experiments, how limestone and 
matble melt tinder pressure, by beitg enabled 
to retain their carbonic acid ; and how^ under 
similar pressure, ve^table arid toimal substaiices 
assume bituminous and coaly aspects.'^-In some 
spots, the action of the heiat has beeb expended 
in evaporating the w^tei^s of the setf, leaving its 
rock-salt crowded with organic temainali But 
its chief agency is exerted in gradually deva-^ 
ting the stiUta^ by the propulsion from below^ 
of immense fiised masses of granitic rocks« 
These, by their heat, soften, but da not melt 
completely, the superincumbent strata; they 
often project into their fissures pait of theii* 
substance ; and they impart to them evety va- 
riety of inclination and disturbance. Other" 
streams fill metallic veins, or give rise to the 
phsenomena of basaltic dykes. Basaltic rocks 
are themselves lavas, whose eruptions have ta^ 
ken place beneath the sea. Granite is the new- 
est formation of the fire ; it bursts through all 
the other strata, appears to support them, and 
is the basis on which they all repose. I]q it, 

and 



tMnd.tlierockfl next tP it, no ofganic cemams ate 
foi^i4» because the heat in which it was melted, 
and they softened, banished eve^ trace of them^ 
if any had ever exi^t^d. — In the first and most 
active periods of the central fire, a few gigantic 
massed rise Above the waves^ and are rapidly 
disintegrated: Tl^ ocean receives their im^ 
mense debris^ and the continents and islands 
gradually emerge from its level. Many secon-^ 
dary ai\ji alluvial tracts are thus formed, in 
which the valleys, as in the primary districts^ 
are scooped out by the large streams which at 
first roU in them. The ruins of the mountains 
thus form the low land of the new continents^ 
and only parts of them remain, to attest what 
they once had been; 

These changes continue to act, till the con« 
tinents, thus formed, areagain gradually return*-* 
ed to the ocean, and ispread over its bottom^ 
There the strata are again fi>rmed as before, 
and a new elevation, of matter from the central 
regions again' elevates them. Our present land 
has thus been formed from the decay of one 
which preceded it ; and it is .now itself fiimish* 

ing 
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ing the materials from wliieH einbtlier will ht 
raisedi The land is the perpetual theatre of 
die decay of minerals } the ocean, of their le- 
newal in new forxnsi The hypothesis of Hut* 
ton does not providd for one change only^ but 
for many ; as Nature has provided regular pe<» 
Tiods for all the disturbainces which have hither^ 
to been discovered in the Astronomical System. 



* Simple and grand as the HuttoAtiU^ 'thtbfy 
appears in its outlines, and though it involves 
the action of both water and fiife, yet the object- 
tions to it are too numetous and obvious to al-* 
low it to satisfy any reflecting mind. VVlien 
we allow the existence of a central fire, and 
gratuitously suppose, that, though always pre- 
sent, it has only acted at certain times, when 
the force opposed to it was greatest, and abted 
•most powerfully beneath the bed of the ocean, 
difficulties still crowd around us. Why did the 
heat act so gradually and regularly, as to melt 
granite and basalt, and only^soften gneiss and 
mica-slate ? How do soft be^s often occur under 

the 
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1&e mo^ cofi9Q)id|site4 rook^; a$ rocks of sand- 
stone, for instancy, r^^^ng on loose sand ? The 
me of the level of the Qceaiv w consequence of 
llie apdUs {KHired |l^t$ it^ is stiU to be shewn^ 
The renotatiiiijs pQWfa?& which Nature has pro- 
Tided td brf^pce the destroying energies which 
Wppeax in her Works, are entirely unnoticed. 
JFor many agei?, before all the materials of the 
land were <fonyeyed to the ocean^ a world must 
vemain withotit mountains or high lands, suifi- 
stent to arr«t the descent of water in raiq. 
fitit the catijses which operate in preservinjg the 
iniountains, have not be^ investigated. — In 
.fhes^ and othf^t respects^ we tcan pay no tpbutp 
of apptonise to the. Founder of ^e Huttoinan 
Theory^ He will never, assuredly, be rapki?^ 
with BuRffj^Ty, who, incapable of perceiving 
tiae harmony ^nd utility of the present system 
of the world, represented the mountains as the 
.effects of the divine displeasure at the flood, 
md the. antediluvian state of the Earth as own- 
ing many of its advantages to their total, ab* 
seiice.., But he can only be regarded as the 

JB framcr 
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framer of a system which explains but a part of 
the phaenomena of the world. 

Hutton supposed, and Sir James Hall con^ 
finned, by numerous and decisive experiments^ 
the effects of a great compressing force acting 
on mineral substances ;— ^an inestimable advan- 
tage ! always to be ranked among the happiest 
discoveries of Geological Science. The appear- 
ance of limestone possessed of all its carbonic 
acid gas, and of coal, with its volatile parts un- 
dissipated, find here complete explanations. Sir 
James Hall even formed crystallized limestones 
and marbles from chalk iand other finely divid- 
ed carbonates of lime *• The advantage of this 
truth, however, appears to be lost to the Hutto- 
nian Theory, by the fact already mentioned, of 
the occurrence of unconsolidated substances in 
the hard strata. Layers of fine sand are some- 
times interposed between layers of mica or talc. 
— In another instance, some of the phaenomena 
of agate-balls have been explained by Mr Play- 
fair in a very satisfactory manner, from an in- 
genious 

* Edin. Trans. 1805, 
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genious train of. resubning dcawn from tbe ap* 
peanuices presented by the coats of which they 
consist *• Besides these^ the principal facts in 
favour of the Huttonian hypothesis are, the im- 
possibility of finding any other solvent than heat 
adequate to the effects produced ; the phaeno^ 
mena of mineral veins filled from below ; and 
the irruptiye power displayed in them, and in 
dykes of granite and whinstone, where the re* 
gular strata have been broken, dismembered, or 
altered in their nature at the junctions, in con-^ 
sequence of the introduction of streams of mat* 
ter ascending from below. 



Some objections, still to be mentioned, apply 
equally to the Wemerian and Huttonian hypo- 
theses, and shew us their complete fallacy as 
guides, to a true system of science.. In the 
Wemerian doctrines, the distinctions between 

I 

primary, transition, and secondary rocks, are 
accounted for with great appearance of truth ; 

B 2 and 
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* niustratioiui, &c $ 73» 74. 



and the Hyijbfhe^s of tJnivei«al Foirffikdat^ aR 
lows tis to iexpldin how tBe same fcbk^j ifcctinii 
pitdei hjr ilie sanib beds/ miheta]^, and inBfle 
of ktatificiition, ocfciit iii M pirts oif tHe^lobi 

• * ■ • 

^et ei:ainined ; and how orj^hic temain's are 
present in some, and Abisent in others. To 
WifcRNER belongs the praise of having ihd'eed firsl 
kccT!ltately distinguished the Mbiintkiii tocks. 
IVTahy interesting Facts with regard to their re- 
j^^r disposition, which he discovered, ari dis- 
regarded by the Huttonians, who are not acciis- 
tomed to sub^vide the rockfe as he has done *• 
But in the Wernerian System, the true distinc- 
tion of rocks into conformable and unconforma^ 
ble, though well described, is not accounted 
forf. The Huttoniahi, on the other hand, 

while 
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* The Wemman Divisions of rocks have, however^ 
fteeti of late certainly csQriecL'too far. M. Tbndi, in 1813, 
•ailmierates 16 pritAsiry, 11 triansitioti, and 57 Secondai^ 
istMa, |dl principal, or mivetsal formations. 

t In quartz rock, we have one example of erroneous po- 
rtion m the Order of "Wernor in the Frfmary rocks; in the 
Secondary morfcliaVe heeik fbUtfd. 



tfebik th^if ideta expkdn the reason of unfitra* 
ti&ed lying under stratified rocks, afford no 
liinte to explain why granite iand gneiss, so neat 
(o each other in nature, are separated in their 
formation hy intervals of time so momentous. 
Thc^y say nothing of the regular succession of 
Ihe rocks commonly denominated Primary ; nor 
do they assign any reason why gneiss should lie 
l^ow mica-slate, and the latter helow clay- slate 
^ limestone strata. We are thus led to that 
fatal objection to the Huttonian hypothesis^ 
which detects, at opce, the fallacy of its foun^- 
diationSn In a long series of years, during which 
^be whole of the land, or the greater part of it, 
IS spreading out in fine particles over the hot- 
torn of the sea, the central heat is supposed to 
^e acting upon, it, and, after consolidating, to 
flevate it into new continents, which are again 

* - - . 

degraded in their turn- But when the spoils of 
the land have heen spread over the general hed 
of the Ocean, how came the different suhstances 
to separate into strata ? The strata which are 
exposed to our observation at present, are gene- 
v^y of uuiform structure, and very often well 

can 



defined and distinct from each other.. Hbw 
can the substances which formed . ]thepi have 
been separated at the bottom of the sea? A ri- 
ver rdls.down mud and sand of all kinds, from 
all the strata over which it has passed in its 
course ; and the bed of ^tjie ocean must be^ co- 
vered with this miscellaneous assemblage. WhM 
brought order and arrangement out of a min- 
gled mass of particles ' of sand, clay, granite^ 
sldte, and other substances, and produced' from 
them a series of strata of gneiss, mica-slate- 
and other rocks, all arranged in a determinate 
order, which is also related to the nature of 
their substance * ? We see them distinct on 
the land ; — ^How came they to separate ? I 
am not aware that Mr Flayfair has made 
one remark on this subject, which forms 

an 



* Though heat can consolidate, it cannot fonn strata^ 
for it would obliterate them in the formation. There is, 
indeed, no Huttonian hypothesis for the formation of strata 
and beds of well defined and distinct rocks, nor for the 
origin of strata of any kind. This theory, which cannot 
account for stratification, has no^xplanation of transitioof^ 
nor of alternations. If granite were erupted firom beloWj 
and forced up an incumbent bed of rock^ how does it pu,^ 
duate sometimes into gneiss? 



an^ insupeQiUe x)bjectR)ato. the princif^d popu- 
late of itfae HuttonianiTbeory* 

* ) « 

I haw only mentioned a few o£ the imper- 
fections which attend these two theories of the 

earth*. 

Both att entirely unsatisfactoty iti their 
£rst principles. It isihe best praise of both, 
iliat inany pbenomena in<»t ^th happy expla- 
nations from them. As: trtie theories^ S3rstems 
o£ knowledge resting upon facts, observations^ 
smd experiioientSy they are both decidedly im- 
perfect IB explaining the constitution of the 
globe ; but as hypotUeseSy depending on assum- 
jed &ct8y .they have been extremely useful, by 
^prompting, with ardour, to the accumulation 
t)f knowledge. Had it not been for the Hutto- 
nian Theory^ we should^ not have known the 
effects of heat acting under compression. - Had 

it 

* Odier impeiftotions of both theories wQl occur afteiv 
waxdfl. I.iniglit mention^ here, the Independent finoatioBB 
«f coal and floetz tap, as among the best iost^oM of dls* 
MerifHon in the Wernerian Geognoqr* 
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ip jp^Qit tjrei^n for the njAcm df Wemec^ ?m>8h6ul4 
not have become, so s&ah adquaioied ^lih tkflt 
mass of facts which his ilisciples have brought 
forward from the most distant countries of the 
Gi^r ^^ofix tel^rfi t^ :«te?L(i44..tiip,:liipits of 

regions of conjecture. As observations fii^ssh 

jpoji^tfti tji^rsm -oidy t^bk nmowg tin^ inge- 
Mfm 4pe$u)ktiom: iA^bkh bane in s^ lag^ frnt^ 
v^lei i^ il^^ 9bmkO^ bi^as the down £o£ troCh 
^il^^iia^ly ^ose. Let: tis jiearfleeti^ too^ that 
ti^j;^ iax^^^at diliciilties li^ i^ o^e^ftosttae, in <9l 
p]:<)bl€S[^ )$P ^miieh involved ij^ nskniDaiqy ; land 
th^t the Uw& coostilaition and dastoc^ <£ ikp 
eai^h oaoncKtbe deduoed ^-oin «ny vseri^ ^ 
liiptaf^ one kind, ^wesserxsben^fid^ Jintfrdai 
iiU th^ ia$e koown. Xmaybealtowdtp &d4i 
thiat:» grfftt 9^ is the accitiniiIation.a^ facts >at the 
IHT^fUlt 4ay» i HiUTe^rddt ^ksAv^pasfkt to afu 
tfoift that th^ave suffideiptitoienaldeiiisio^ 
neralize them all into a true system of science, 
by the inductive process of Lord Bacon.- Jit 
^fgg rate;, I sh^ $^i9,your not ^xioMfiaitbose 
with ^vif4aofa I am acfpwiirityd. 

'The 
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T^ ciirst fmneci: of theork$ of tbe.£wtli, 
ni^re j3L€^mt<im^.to go hii^h to lifc^ original &r^ 
riiiat^n of matter. Whm Kreridfer acdely from 
ob^teirvajtioiis/it is» bo,i$ei(i^, )^ iio moans Beces* 
S9X7 to io this^ i#d it nmy be ciiren ahewn to he 
^^meivhKlt an3|)ri:lpfilr« )t ]Xiti9^» hovterer^ ]q» re- 
marked, that, from the advance of knowledge, 
^ny thec^ittt^wfaD wisixeit to go heyopd the pre^ 
sexit a^rmigemteat, has great adv:aiitages over 
tjiois pf fi^pxier timea. The dckmoniriarated pos* 
si];^ty of all Im^ of -m^aca: exi^ng in the 
foppa Qf gw^ ja^id tbe iicK>st in^i^^sit demeisKta- 
xy substances att^actied ito our planet, being in 
fyft ^x$ when .unconibined j the appearance of 
;prprWfi: in the ^i^s m^y^ty state 0f ^i;Qialion, 
from a l,uci4 J^ebulpws cbftd tO>a Sued or deose 
$^J(i?$» gt^lTQ^dde^ bj'axegularatiido^eare^; 
^hp iii(^aBnpnaenatofiWfi!teoriic.afe^ 
^nce pf snonii^ on JMars> allpwing us to draw 

Scan^ 



f See Hencheirs observations <m the Sidereal and Ne« 
tlmloas nart of die Heavens^ Philos. Trans. 1814. n. S48. 



Siome inferences with regard to the nature of 
worlds far distant from our own; these and 
other circumstances are>favDurabk to such spe- 
culations* But no theorist would how ascend 
to that aera^wheii the solid, liquid, and aeriform 
constituents of the globe, formed an inflamed 
and resplendent stai: ; or when the two airs, 
oxygen and hydrogen^ which constitut<e the 
, waters of our planet, were united by a flash, and 
condensed, giving out their heat to the surtound- 
ing mass to ignite it, or acting suddenly on its 
metallic nucleus. As weQ might we set free t&e 
chlorine of common salt, or unite, by^the elec- 
trical spark, a great part of the constituents of 
.our atmosphere into nitric acid, and employ 
these bodies as effective agents. Of a similar 
. nature, in the present confined state of the ob- 
sourest of the sciences, are the inferences drawn 
from the magnetism of the globe, and its con- 
nexion in this respect with the other planets. 
Though speculations of this kind, founded on 
modem science, are far more certain than those 
of writers who have deranged the position of the 
globe in the solar system, altered the rate of its 

motion. 
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motion, projected il from the sun, or brought a 
comet to inflame or deluge it ^ ; and though 
they supply us with new ticws of the great re- 
sources of nature ; yet, if we could not infer le- 
gitimately from the appearances observed, that 
such phaenomena had taken place, and if we 
cotdd not apply them to the minute explanation 
* of the facts before us, we should only wander 
in the dark, without any certain guide to an ex* 
act science. 

Among 



* BufDctti WhistoOi BuffoD^ and otbcxi* 
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AiiftONO t]hL€ (}u€;$tio]:]^ which it i§ most ^e- 
,ce^$ary to p^asw^r ^ait t^^ presient day, h^QV^ a$- 
.tempting la gener^ tj^eory of tfee ^pj^arance^, 
are the fdloi^^ing. 4[^ we d^ai^, from tjb[e f^-> 
lour and the nature of rocks, any exact j^fpreijces 
with regard to their origin ? What is the con- 
i^xioii which exists between granite, and the 
rocks which are next to it in order of position ? 
What are the relations which exist between un- 
stratified ^i;^nite a.nd (bas^al^, fa\^ , fh^ stratified 
rocks ? What is the nature of all strata, as to a 
chemical or a mechanical mode of deposition ? 
Where are the limits of these two kinds of depo- 
sit ? Or, do any such limits exist ? How can 
we account, in connexion with other appearan- 
ces, for that general direction of the greater part 
of the strata, which is observed throughout the 
world ? — ^These inquiries are of great interest in 
this science j and I shall, therefore, proceed to 

treat 



of rocks. 

Whek wb refer to the writings of both 
Wemerians and Huttonians for e^act ctiterions, 
derivfed froStn the 'cbiiititution of the rocks them- 
selves, tve find tiiem extremely deficient in sup- 
plying siibh proofs ai^ caii satisfy the mind. 

i hkVb tiieiltioned the explanation of agate- 

hal^, as having heeri 'given by Dr Hutton, from 

\he mode df arrangement which is seen in the 

different Toafi 6i itehich ^hey consist. - These, 

febiii the exterior ohfeS ^ways compressing the 

• • • • 

interior, toust have consolidated froth the cir- 
ciimference inwards, and therefore, by a simple 
fluidity, 'such as heat kl'one can produce *. The 
ivater, \irhich is sometimes entangled in these 
nodules, as in rock-crystals, is accounted for by 
the compression to which, at their formation, 
they were subjected. 

If we can extend such criterions, and ren- 
derthem sufficiently strict ; if we dtaw them 
iromthe constitutions of the minerals themselves, 

some 
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Playfair'8 Illustrations, § 79- 
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some assistance will be rendered to this rising 
science, and, perhaps, new aids be afforded to 
the classification of rocks, which is still in so im«- 
perfect a state. 

The tests of an igneous or an aqueous ori^ 
gin have been sought for in various phsenomena. 
In the rocks which are crystalline, the absence 
of water cannot be considered as any certain 
ntiark of igneous formation ; for some watery so* 
lutions deposit crystals very nearly or altogether 
free from water. On the other hand, the pre- 
sence of water in basalt and other rocks, cannot 
be regarded as any decisive proof, that they 
were not modified by heat ; since water might 
be retained by them in two modes already 
known,— -by a chemical affinity, which the heat 
could not overcome, or by a compressing force, 
which would prevent it from escaping in steam. 

The imperfection of these reasonings led 
me, some time since, to consider, whether a more 
certain criterion of origin might not be derived 
from the presence of the metallic oxides, which 
impart colours to most of the primary rocks. 
Granite, the most important of all, is never free 

from 
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ftoln colourlin some of its ingredients. Thi* 
quartz is generally colourless ; sometimes pos- 
sessing only islight shades of brown. The fel- 
spar is often red, and the mica and hornblende 
blacky from the presence of iron. While a pure 
white felspar, as Petuntse^ and a decomposed 
one, as Kaolin^ yield no iron in their analyses, 
the other varieties of this mineral give from one 
to. four per cent, of that metal *^ The jade of 

Saussure 



* Of the Felq>ars Gontaining iron^ adularia and the 
«nazon varieQr from Siberia, yield le<»t. 

Adularia of sp. gr. 2.57> gave to Klaproth 6^ of si- 
lex^ 15 alumina, 0.5 iron, and 14.5 potash. 

Vauquelin found no iron in one specimen which he exa- 
mined. 

"•' ' ' ' • . 

Amazon stone^ sp. gr. 2.70 gav^ 62.83 silex, 17*02 alumina^ 
S. lime, 16. potash.— -Faa<^2^e&'7i. 

Common Felspar from jPiemont^ 62.4 silex, 17 alumina, 
1.2 lime, 4t innU'^FaugueUn, < 

Mr Chenevix found 2 per cent, at iron in felspar. > from the 
Camatic. ' 

The Labradore Fdspar coiitains $ and ^^.cent. of iron. 

AUtm'i- TtMes, xlii. 
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Sttu^sur^ yielded to Klaproth no less^jNouifSij? 
per ipifiL of irofi *# In Mica, the proportion rf 
iron h considerably increased ; and to KI^|>roth 
^nd Vauquelin^ this mineral yielded frdm 4|- to 
fib lt^6 than 22 per cent\. Crystallized horn*' 
blende gave to Laligier no less than 22.69 of 
iron ; and some Varieties Or subspecies, to other 
analysts from 9 to SB per cent. H3rperstene or 
Labraddre hornblende, yields ^<5 per cent., 
and atrgite, a mineral nearly allied to horn- 
blende» from 6 to 18.25 of the same metal. 

From the abundance of iron in these sub- 
stances, a proof may be drawii of the roots in . 

which 
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* To Saussure himself it gdVe 12.^9 iron. ' 

t Mica of Muscovy^ Silex 4S. Alumina 34.25> Magne- 
V da .5, Iron 4.5^ Potash S.75, Wattir i.'ZS.'^^Klaprdih. 
Mica of Muscovy, Silex 50. Alimiina 35. Liine 1.3^^ Mag« 

nesia 1.85, Ihm fj^-^FaugueUn, 
Micaof Zinnwald, Silex 4^, Aliimina20, Iron 19i5> Man« 

gimdsd 1.7^, Potash 14i.5J^Klaproth. 
Black Mica from Siberia,... Silex, 4!^,5^ Ahimm HIS, 

Malpnem 9b hron 22> ^ifaaiganese 2, Potash JtOy Wf« 

ter lia;JQ«y(MA. 

Allan's Tables, hxxu 



which tl^ey occiic not haying ^js^ 9rflQ^i^(A«4 
from a state of chasii(i»l iolution in w^r liqiiid* 
For, if the quartz, mica^ and f^l^pgr q{ gt^oit^ 
were dissolved in a Ihiid, why did not the o^idft 
of iron, also a constituent, difiUi^ itself ^quallj 
throughout the substance of all the ingredients ? 
Why AoiM it attach itself only to th/e mipo, 
felspar^ and hornblende, and leare the quarts 
colourless, as we see it In most granites ? In 
this case, no satis&etory reason can he i^hewn^ 
why the quartz should not have received a shar^ 
nf the iron. If it be sftid, that the ir<)n oxide 
had no chemical affinity, tending to combine ijt 
with the quartz, this would, be met by the re- 
mark, that in many sitttation^ qyait? is impreg*- 
nated with iron in the most vitried propor* 
tions. 

Granites sometimes occur with two kinds 
of felspar^ one of a reddish, and the other pf a 
lighter or whitish aspect, both being eqnally 
disseminated thix>ugh th^ snbstance of thie 
stone. Such is the case in several specimens 
which I have collected, and in others which I 

c have 
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have $een dieficribed '^. In other example^ part 
of the fragmented crystals of the felspar is tin-* 
ged of a deeper red than the rest. Here it may 
be inquired^ why, on the hypothesis of solution 
in a liquid, one part of the fekpar should receive 
iron, and the other little or none ?*«-So in green* 
stone, whin, and other rocks of the Trap suite, 
which consist of Felspar united to Hornblende 
or Augite, how often is the felspar destitute of 
that colouring principle of which the hornblende 
and augite contain so much. To Porphyry, and 
to the limestones which enclose hornblende, the 
same remark will apply- 
On the other hand, if we suppose the 
agency of heat, there are not wanting proofs to 
shew, that these appearances coincide exactly 

with 



* There is a quarry to the North of Peterhead, with a 
granite of felspar of two colours^ Containing' hornblende, 
it would be called a Syenite by the Wemerians. 

Granite with greenisb^white fel^Kir, sometimes traversed 
by finer grained, in which the felspar is reddish- white, is 
described by Karsten, (Leskean Museum Catalogue, p. 374^ 

A granite with milk-white felspar, spotted with red, oc- 
eors in a celebrated quarry ten versts from St Fetersbuig^^^i 
Ib*37i. 
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with what we may legitimately infer as the ef- 
fects of that power. 

In the scorise of furnaces, there are always 
present substances which receive a tinge from 
iron ; and in particular, in many of those of glass^ 
houses, the glass in the bottom of the pots 
passes, as is well known, by long continued fu- 
sion, and subsequent slow cooling, into masses of 
greater or less opacity, resembling in some cases 
what is called Reaumur's porcelain ; in others 
approaching to the general aspect of a trap rock. 

In inspecting many specimens of this kind, 
I have always been struck by the separation of 
colours in the mass; a separation generally 
pretty distinct, often perfectly so. One part is 
tinged yellow or green by the metallic oxides^ 
another is left of a pure white. 

In the lighter scoriae or slags of iron-furna- 
ces and lime-kilns, the same appearances are 
seen, often affording the happiest examples of 
the effects of long continued fusion in separat- 
ing colours from each other, frequently by ex- 
act boundaries. 

c? In 
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In all preparations o£ pastes, or 
gems, the difficulty is, to secure tJie equal difl 
fusion of colour throu^ tht glass. Hence those 
Who prepare them> find it often necessary to 
cool them rapidly, and fuse them repeatedly, 
from the tendency of the colours giv6n by the 
metallic oxides to sepamte. A long-continu^ 
fusion introduces a great disturbance into the 
results, and is yery un&TOurable to the uniform 
distribution of hue« Hence the necessity of 
^xcming frits, and of cooling the glasses obtain^ 
ed in some stages of the process, in cold wa- 
ter *. The effect of beat is^ indeed, ih all cases^ 
to separate colours. 

Few experiments have been made on the 
fusion of granite. While the felspar and mica 
melt into glasses or slags, the quartz resists the 
beat, and is left untinged by the colours of the 
surrounding materials. Mica fuses easily in 

the 



*»■ 



* M, Fontanieu describes the mode of preparing 
dal gems. The colourless Mayence and other bases are ob- 
tained by melting thrice^ and each time pouring into cold 
waters— See Edin. Encydop. x. p. lS8r 
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iSbc fioetto of a poirerfiil lens ; and^ on cooUngy 
^diibits cbanges of colour, probably from a 
choiige in the constitution of its oxide oi iroii. / 
The conclusion is obvious. The quartz 
may escape, or may never have received the 
tinge which the febpar and mica possess. Cal-^ 
careous spar may be left unchanged in the vici- 
iliky of mica*alate, hornblende, or basalt. When 
two kinds of felspar occur in a granite, the infe* 
reaoe may not be so immediately obvious, and 
sevieral opinions may be hazarded. The gra-v 
ntte may have been recomposed from materials 
previously existing, of which the crystals of 
fidbpar were distinguished, by possessing vari- 
oos impregnations of iron. Or there may ex* 
ist^ in other respects, as well as in colour, an es- 
sential difference in the constitution of the two 
vaneties of felspar, which form the mass of the 
stone. I rather think it, however, more proba-^ 
ble to suppose, that, in such cases, the duration 
of the periods of eocding will a^rd th^ mask 
simple explanation. The sajne change may 
not have taken place in the ftlspars, which a 
more prolonged cooling would have effected, 

Ax4 
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And as we cannot suppose that the action of 
heat is in all cases a perfectly uniform force on 
large masses of matter, this circumstance, while 
it explains the above appearances, corroborates 
the explanation, and accounts for the reason 
why quartz is itself, in some cases, tinged slight- 
ly with metallic hues, and why a gradation of 
colour is sometimes seen in the felspars of many 
granites* 

It may be remarked, that the new ideas 
which Berzblius has given of the constitution, 
of the mineral species, militate against the above 
details. This excellent chemist has shewn, that 
an examination of the analyses of many mine*^ 
rals, exhibits the combination of their elements 
in definite proportions *. He has traced a pret- 
ty exact correspondence between some of the 

natural 



* " Attempt to establish a pure scientific System of Mine* 
^ogy by the application of the Electro-chemical Theory 

and the Chemical Proportions/' 1814; Berzelius considers 

nlica as an add with great probability^ p. 28.i..«.Hi8 prin« 
dple is unfolded in 'p»50, and constitutes a great step in the 
Imowledge of the nature of minerals, should it be establish* 
€d fiilly by ezperimentSj vhicih at present it has not beeik 



89 

ktiitural c<mibinations of silex and bsude of iron^ 
and the known proportions in which these sub- 
stances unite, and hz& founded a new system of 
Mineralogy on this principle. As these sili^ 
ciates of iron : occur in such abundance, as in 
mica, asbestus, tremolite, chlorite, tourmaline,, 
prehnite, and other . minerals, it may be in* 
ferred, that, in all cases, the coinbinations of 
iron are made in this mode. This inference 
Berzelius himself has not drawn; and he re-> 
marks'^, that, in the present state of chemical 
analyses, it is altogether impossible to calculate 
the composition of a mineral containing iron, 
with any degree of certainty. The principal 
difficulty arises from the degree of oxidation in 
which the iron exists in the stone, which the 
most expert analysts have hitherto failed in as^ 
certaining perfectly f . Till the chemical ana- 
lysis of minerals is brought nearer to perfection 
than it is at the present day, we are therefore 
Warranted in inferring, from the appearance of 
iron in all possible proportions, that no part of 



i^m^f 



* Attempt^ p. 80. 
t Ibid. p. 81, 99. 
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ortilr present knowledge of the tfbitrtitution of 
iAinerals^ is hiostile to the theory of their origin^ 
i^Mth hfts been deduced from the colour of 
rocks. The principles of BetfedUusoaty apply 
to those cases where the, iron is present in l^vge 
or in Qonsi4erahle quantity » If the pr^^eace of 
the smaUeit ^piantity >«« trace of jjron be tup-* 
posed to involve the idea of t definite tioQibina-*^ 
tion, this circumstance iend6 ho aid either to the 
aqueous or the igneous brigiiii of mihiralfl. Bat 
if the distribution of iron be in small qutotitiesi, 
and at the same time hot uhiforinly sptead 
through the tnass of the mineiraly we cm only st* 
tort for an explanation to an origiik from hetit;. 
it is probable^ that the farthet encftmination oi 
sniaerals with regard to this interesting subject^ 
will be productive cf useful discoveriesi 



The pfaoenoiiieim of dykes of Whin ftiid gr*"^ 
tiite, will supply us with a &tther proof with 
Regard to the truth of the Above deduction. 
Though I have examined many of the dykes of 
Scotland^ and almost the whole of those of the 

County 
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dbuiity of Antrim, I wa$ first atoit aconible of 
the appearances I allude tO| in some graiutd 
veixis on the rocky shore of Kincardinethire, a 
few miles to the south of Aberdeen. At the 
fislang-town of Findon, and for some miles on 
both ttdes of ity the rocks/ which are chiefly 
gneiss of large-grained varieties, are pei^trated 
by veins of granite/ consisting of white quartz 
and flesh-coloured felspar. Where the gneiss 
passes into mica-slate and hornblende-slate; as at 
a spot denominated' The Cove, there is a good 
example of a wide vein of granite passing 
through the slaty rock, and produdng near the 
junctions a variety of colours in the shistus, and 
a far greater thinness and tendency to divisioci 
in its irttata^ than aire «een in the same rock at 
the distante of a few feet ; the strata, indeed, 
tiear the junction, becoming as thin as paper. 
At a spot about two miles to the northward of 
this last place, there is a remarkable dyke of trap, 
which ttav^rses tiie gneiss, in a direction near- 
ly notth and south, and with a breadth of about 
fiS leet* The part of it exposed on the cliffs, 
is from to to 90 feet in height^ and in length 

about 
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4bb6Ut 800 yards, for the greater part of ii^hich^ 
being laid bare by the waves, every facility is 
afforded for examining tl^ junctions which it 
forms with the gneiss, on both sidles of its course* 
It is a well defined greenstone of felspar and 
hornblende, sometimes offering minute crystals 
of calcareous spar and sulphuret of lead. In the 
middle, and at some distance from both sides, 
the rock is distinctly pretty large grained ; as 
the contact with the gneiss is approached, the 
grain becomes finer, till it passes into a rock of 
nearly homogeneous texture. At the same 
time its colour is changed from a dark olive 
green to a hair brown ; it has become, tqo, far 
harder, and of a splintery fracture \ and in 
many places a radiation of light brown colours 
appears in it, exactly such as we would expect 
from the action of heat. The difference of 
hardness is still more sensible, when we notice 
the facility with which the interior part of the 
dyke decomposes, and the obstinacy with which 
the sides; though beat by the waves, resist all 
change ; and when we observe the small size of 
the fissures into which the rock divides at its 

junctions. 
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junctions, and contrast them with the large- 
ness of the blocks which constitute the mass 
of the uhstratified trap. iThe decomposing and 
more central blocks, falling to sand by the action 
of air and water, exhibit, as is usual in this rock, 
a concentric structure, exactly like the coats 
of an onion4 — Here the inference from colour is 
obvious ; and would be alone satisfactory of the 
igneous origin of this dyke. But when that con- 
clusion has been confirmed by every thing which 
has been observed in many other dykes, and 
when the gneiss has in this case, from its previ- 
ous consolidation, undergone no change, addi- 
tional proofs are added. — On the hypothesis of 
solution in a liquid, we are completely deprived 
of the assistance which these facts give to our 
reasonings, and we have no explanation of the 
appearances themselves ; while it is not easy to 
* conceive how substances, so compound as gra- 
nite and trap, could have been precipitated che- 
mically so blended as we see them, and yet so 
perfectly distinct in their colours. On the other 
explanation, these difficulties disappear. 



tp^ 



1 proceed to another view of the origin of 
rocks, deduced from their nature and position^ 

I have been led to this investigation, in 
consequence of finding no satisfactory answer in 
any of our theories to the following questions* 
What relations exist between granite, an unccm* 
formable and unstratified rock, and the rocks 
which lie immediately above, as determined by 
Werner and other geologists? Why should 
Gneiss*, where it occurs, be always the rock 
next to granite, if, on the Huttonian hypothe<» 

SIS 



* Gneiss^ or slaty granite^ is constituted a£the same ma« 
terials widi granite, airanged iti a slaty fbnti. 

I am obliged here, aft in o^er plaoeSf to me dii^ names of 
Primary f Secondary, &c. though not strictly accurate. But I' 
have no choice, there being in &ct no nomenclature yet in 
Geology, which does not involve an hypothesis. The Wer« 
nerian terms, having acquired the most general currency in 
£)urope, tfiey are used here, as names only, whhout be- 
lieving in the thecoy -which diese namas in flcime cases ex- 
press. Where granite is mentioned, it is always to be vat* 
derstood as unstratified, or aa granite in ^Ae m(W^ not t» 6e«fe/ 
tmless the contrary be mentioned* 
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sis, that granite was elevated from the oeean^ 
rabing up the strata before it? Granite can 
have, apparently, no more relation to gneiss 
than to any other rock in the series. 

On the Wernerian supposition, on the other 
band, that granite fell down first from the uni- 
versal dtssoiving liquid, what relation has it to 
gneiss, thatthe latter shouldconstantly succeed it? 

Of the unstratified rocks, Granite is by far 
the principal, reckoning under this appellation all 
compound aggregated rocks^ where felspar, the 
chief ingredient in most cases, is united to vari- 
ous portions of quarts, mica, and hornblende, or 
to one or more of these minerals. Garnet, tin- 
stone, and shorl, are often imbedded in its sub* 
stance. The name of Syenite, from Syene in 
Upper Egypt, has bsen given to granites con- 
taining hornblende, instead of mica ; and many, 
though not all Wernerians, besides denying that 
hornblende was contained in any true granite*, 

have 



* ^ Not a trace of hombleiide has hitherto been disco* 
^ v&eA m grttiile.'VMJiimesoD, Cre<^osy^ 1808, p. 113« 

Tbif 
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have attempted to assign to unstratified Syem<« 
tes, in all cases a very different order in the sys^ 

tem 



This assertion will apply to no primary mountain of granite 
in Scotland^ for most of ours either contain hornblende in« 
atead of mica, or traces of it and chlorite. Many observar^ 
tions have shewn that it applies to very few of the granites 
of the Continent See Mr Kidd's Observations^ where the 
subject is examined at length. Saussure found the place of 
mica supplied by chlorite in the granite of the top of Mont 
Blanc> (§ 204.) The question here has been much narrow- 
ed^ and may now be stated thus: Shall we consider no rock 
as granite, which contains hornblende, however primary bef 
Its position? Or, shall we say, that all such granites, and 
the strata above them, belong to the second, the third, or 
the fourth formation, or to transition formations ? D r 
MacCulloch, (GeoL Trans, ii. 420.) has proposed, with great 
jiropriety, to give the name of Granite to all rocks of felspar, 
quartz, mica, hornblende, or chlorite; if the felspar be abun« 
dimt ; and to confine the term syenite to aggregates of hom- 
Ijende and felspar which are not greenstones, and are asso- 
ciate^ with traps. 

The Granite Veins near Bunawe in Argyleshire, are de- 
scribed by Dr MacCulloch (GreoL Trans, vol. iv. 120.) as 
consisting both of granite and syenite, both evidently co« 
j^stent, and both ramifying similarly through the shistus, 

contorting 
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tern of Universal Formations^ from that which 
granite occupies. — Felspar is the principal con* 
stituent of almost all granites^ and is, indeed, by 
far the most widely disseminated mineral in the 
world. It is the constituent most subject to de« 
composition, from the potash and iron which it 
contains ; while quartz isr the most indestructi*^ 
ble. 

No person can view a primary country 
without being struck by the difference which 
appears, when, leaving mountains or precipices 
of pure granite, he observes the first rock which 
ties above it, and which is often gneiss. I shall 
not say much on the celebrated controversy of 
the stratification of granite. I believe that it is 
now generally acknowledged, that in the great 
mountain masses, it is unstratified ; or at least, 
that if it be stratified, its stratification is of a na- 
ture 



eontorting it, and having fragments of it within their sub* 
stance. This is a complete proof, if more were wanted, pf 
the geological identity of two rocks so improperly separatod 
by Werner, by the accidental presence or absence of tt^^ 
»ngle ingtedifisit hornblende^ 
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pxte very different fromtlmt of the roclcs wiiicli 
lie above it. The largest masses, which coni* 
pose the central parts of the highest mountains 
in the old world, are at any rate of the latter 
kind* In the discussion into which I am about 
to enter, I hope to be able to shew, that granite 
occurring regularly stratified in some situations, 
is not inconsistent with the principles which I 
am about to state* 

I ought not, at the same time, to conceal 
from you, that I was long of opinion that granite 
offered a pretty regular and vertical stratifica^ 
tion in many places, though I could never con- 
found this appearance with thiat of the great vt^ 
gularity of the other strata. The aspect of some 
extensive quarries and precipipes of pure gran- 
ite, which I saw for the first time in 1812, ap- 
peared to have strong marks of regular stratifi- 
cation. Several subsequent visits to the same 
spots, and indeed to almost every granite preci- 
pice in Scotland, altered my opinion slowly, and 
have shewn me, tliat there is very little of regu*- 
larity in the arrangement of granite in the moun- 
tain mass p and that the fissures whence the idea 

of 
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oF stJrdita has ariseri, are simple rents;^ not dom^ 
pletely continuous, and not always closely relat- 
ed at their junctionj$ with each other *. They 
divide the granite into blocks of larger or smaU 
ler size> which decompose in concentric layers, 

as 



'* On the mountain Lochruigar, where the granite preci- 
pice is a mile and a half long, and from 300 to 1500 feet in 
height, the appearance of large vertical plates is in many 
^pots distinct, particularly when viewed from the lake at 
tihe bottom of the cliff, or when ascending in the steepr 
ravines. The narrow and e^ctreniely deep fissures exhibit a 
great inequality in the hardness of the rock. Other preci-* 
pices^ frequently examined) are those of Ben An> Ben a 
Bourd> Ben Chaoirn, Camgorm, (particularly around Loch 
An, the most savage and solitary spot in the Highlands of 
Scotland), Ben Macdhui, Breriach, and Camtoulj the last 
two offering extensive and very grand precipices, and choires 
or basins, in Glen Garchary. These mountains, with Ben 
Vrotan, Ben Main, and others, constitute the central land 
of the island, and since 1810, have been accurately mea- 
stired. Ben Macdhui is 4300 fe^t, approaching nearly to 
B^ Nevis^ and several of the rest are above 4000; Their, 
positions are irregular with regard to eadi Qther; and the, 
whole cluster must be regarded as the most primary tract 
m Great Britain. 

D 
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as Dr MagCulloch has so well described^* 
How often similar rents have been mistaken for 
the marks of regular strata, is well known to 
Geologists. Thus, in a paper by Colonel Imrie f , 
(he rock of a large-grained conglomerate in Kin- 
cardineshire, the same which continues to skirt 
the Grampians on their eastern side through- 
cut their course to the S. W., is described as stra- 
tified 



* Saussure has Iionented the use of the term Vertical 
beds and layers, as applied to Granite, and he seems to 
have been the first who described granite decomposing in 
concentric layers. Jameson noticed it on Ben-echleven in 

Arran, (MinaraL of Scottish Isles, i. 42.) See the excel* 

lent observations on the stratification of Granite, by Dr Mao^ 
Culloch, vol. ii. p. 427- 

Ramond, in his Forages au Mont Perdu, has described 
accidental splittings of granite as crystalline forms, accord- 
ing to Dr Berger, who visited all Saussure's stratified places^ 
Les Aiguilles of Chamouni, &c. and found all imstratified^ 
(Geol. Trans, i. 150.) 

At Aberdeen, the workmen call the good granite pot^ 
and tihe bad drys. The former is always a concretion in the 
latter, and often of great size. 

t Wem. Trans, i. 455. 
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tified vertically. In the whole line of this con- 
glomerate^ at Stonehaven^ the Bum, Callender, 
Oban, and other places, I never could perceive 
one vestige of stratification in vertical masses ;^ 
but only rents, vertical, and often dividing the 
pebbles of jasper or quartz so far from each 
other^ as to shew the extent of the slips. On the 
sea-coast^ some miles to the south of Stonehaven^ 
this conglomerate is seen resting on strata near-i 
ly horizontal ; as Colonel Imtie has himself de<^ 
scribed '^i 

At any rate. Gneiss, the next rock to Gra-^ 
nitie^ is often very different from it in aspect^ 
though it consists of the same materials^ quartz^ 
felspar, and mica. It is always regularly strati- 
fied, and in most cases this is the only certain 
mark by which^ in hand specimens,' it can be 
distinguished from granite. It has every variety 
of size of grain, from the largest to the smallest, 
and in this respect it passes into granite by in- 
sensible gradations, though always different in 
aspect, from its being a stratified rock. It ge-^ 

D 3 nerally . 
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Wern. Trans, h 457^ 






52 

nerally contains more mica than granite, and 
less felspar ; but the latter mineral still predo- 
minates in its constitution. All the varieties of 
its structure from the large grained to the fine 
slaty, are produced by the varying proportion 
of its ingredients ; for we constantly j&nd^ that 
the largest grained with most felspar is deposit* 
ed in the thickest beds; the smallest grained 
with most mica, in the thinnest layers. 

Gneiss, or Slaty Granite as it has been also 
called, passes by insensible gradations into 
quartz rock, the felspiai: and mica both disap- 
pearing. Werner has indeed placed quartz 
rock above porphyry, and does not seem to 
have paid much attention to it. It has been no- 
ticed extensively by several writers, and as one 
of the chief primary strata, it has been much 
studied^ particularly by Dr MacCuUoch^. It 

consists 



* Saussure (§ 999.) describes rocks of a fine granular 
quartz^ arranged in rhomboidal leaves. Kirwan (p. 208. Geol. 
Essays) allows that sandstones^ without organic remains, 
should be ranked among primary rocks. Dr Townson 
(Travels in Hungary) observ^ strata of granular quarts 

(whioh 
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consists of quart?,, ^itheu perfJpctly crystq.lline in 
aspect, or passing into every variety of granu- 
lar 



(which he calls primitive sandstone) lying upon granite^ in 
all states^ from fine granulated to that of breccia..... See also 
Kirwan, Gepl. £^. 179-fPlayfair's Illustrations^ P.:^^* 171- 
&c.... Jameson (A|in. of Scottish Isles^ 1. 170.) has described 
the alteination of granular quartz rock with mica^sjat^ ip 
Juraj and thinks it subordinate to micar slate.: he mentions 
having seen it hdon> mica^slate«...Sep also Wem. Tr. vol. i. 
p. 11 7*... He is now inclined^ to believe ill the chemical for" 
maiiaa of sandstone^ and such conglomerates as the roUed 
rocks aqd fragments: of 9II kinds at Cartland Crags^ (Wem. 
Tr. vo), I). 499r) I and bis wprds in p. 625, of the same vo- 
lume arQ^-— 

Rocks haiVing the same structure and general appear«- 
ance as red s^dstone^ appear occasionally in transition^ 
** and also in primitive districts, as in countries abpwiding 
'^ in clay-slate and gneiss, a ^act which at first sight ap- 
*^ pears inconsistent with the general distribution and ar- 
*^ rangement of the different rock formations." 

Humboldt (Tableau de Physique, 128.) states, that in 
South America, quartz constitutes exclusively a mass of 
more than 9500 feet in thickness. 

Dr MacCuUoch has observed and written extensively on 
0i|artz rock. He thinks Isla the best place to determine ita 

ttvm 



ft 
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lar appearance, from the finest grain, till the 
whole rock assumes the structure of a sandstone, 

and 



tme posi^tion^ (Greol. Trans, ii. 413.) In Jura^ (p. 455.) hft] 
found the beds of it coarser in texture at the bottom than 
4t the top of the mountains. He has traced a complete 
gradation from the most crystalline and compact kind^ to a 
rock with rounded pebbles of quartz inclo^ed^ (vol. ii. 45$. ; 
vol. IV. 267* &C.) Hence he infers a structure of it, partly 
chemical, partly mechanics^. What felspar it contains, be-, 
ing partly worn, supposes a recomposed struct9re, (11. 460.) 

In Assynt, Sutherlandshire/ he found abundant proofs 
of its resemblance to si^idstona |n Sky, (vol. iii.' 30.) as at 
Balabulish, its surface is often varnished with a siliceous 
enamel. Its strata in Sky are often bfnt and fractured : he 
traces it often passing into a complete sandstone, alternating 
with the marble and shell limestone of that island, of which 
the great masses are constituted of syenite and trap, (lb. 48.) 
In Ben Gloe, it is contorted like mica-slate. It passes into. 
granite, (vol. iv. 270.) 

My own observations on this important rock, so widely 
distributed in Scotland, commenced in 1812, in Mar. I 
was misled at first by the idea that it was a fine-grained 
gneiss, and paid little attention to it. It there forms seve- 
ral hills; and in that year, I had large specimens of it from 
Invercauld, convoluted in minute doublings. I observed 



-and sometimes of a conglomerate. Hence the 
resemblance which many varieties of it have to 
sandstone^ and the name of Primary Sandstone gi^ 
ven to it by several writers. Its place may be re^ 
garded as being well determined^both from obser- 
vations, and from the fact^ that quartz gradually 
increases in the finer slaty kinds of gneiss ; and 
on the other hand diminishes in the smallest 

grained mica-slate. 

Mica- 



its passage into gneiss^ in several spots around Mar Lodge* 
Dr MaeCuUoch'8 paper, published in 1814^, established its 
interest. Having found in 1812 many rounded nodules in 
the mica-9late at the Linn of Dee, and been led to trace ex- 
tensively the mechanical appearances in aU the strata^ I 
found nuiny in quarts rock. In a journey in I8I6 around 
Ben Gloe^ I fbund many varieties of its appearance^ in 
connection with mic»>*slate. On the western side of Cam* 
toul mountain, I found it in 1813 lying above the un8tr»* 
tified granite, in 9onfonnable strata. It is always in that 
country nearer to the granite than micft*slate, as in Glen 
Dee, on the Ben Vrotan side. Hence, with Dr MacCullocfa, 
I have inferred its position. His researche;?, on a rock 
which occupies so large a part of the Highlands d Scotland, 
are in the highest degree interesting^ He has certainly es- 
tablished, that its outgoings are not so low as those of the 
mica-slate of that countryi (voL nr. 267-} 
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Mica-slate, or Micaceous Shistus, consisti 
of mica and quartz. ^ It is always distinctly strar 
tifiedy and always slaty in its structure. The 
quartz diminishes, and' the mica increases in its 
structure, as it becomes more finely slaty*. If 
is the rock which presents the greatest quantity 
of undulated or waved bendings. Garnet, horn- 
blende, shorl, and iron- pyrites are its most com-^ 
mon inclosures. 

Mica-slate, is intimately connected with 
the next rock of the series. Clay- slate, always of 
simple structure, regularly stratified, and often 
inclosing variable quantities of mica, and crys- 
tals of iron-pyrites. 

Primary 'Limestone follows. Its texture 
is granular and cryst^line. It is stratified in 
beds of greater or less thickness, which are often 
•fomid occurring in gneiss, and mica-slate, &c. It 
constitutes considerable tracts in some coun-f 
tries. 

Primary trap, when connected wit^ these 
rocks, is always it\ strata, and is divided into 

granular^ 

* Jameson's Geognosy^ p. II9. 
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gi^ujar, and slaty hornblende rock, wjien it 
consists chiefly of hornblende ; or into green- 
stqqe and greenstone-slate, when it contains 
felspar ; and, besides these, hornblende is also 
found mixed with mica. 

* • 

The other primary rocks, with the excepr 
tion of Porphyry, are of less importance, being 
of rarer occurrence, and only forming small 
tracts. They are Serpentine, Flinty-slate, Gyp»- 
sum, and Tpp^?;-rock. Why the last was intro- 
duced as an universal formation, or distinguish^^ 
led from gneiss, to which it is related, does not 
appear. It is only found ip Qne hill in Gerr 
jn^y. . 

Porphyry is one of the most extensive rocks 
in distribution ; it is also one of those which 
have been least studied hitherto. All the other 
primary rocks, excepting it and granite, are 
stratified : Porphyry is unstratified ; and is thus 
connected with granite and unstratified trap *. . 

The 



* The numerous varieties of this rock have been much 
neglected; as well as its transitions. 



4|.?-* 



"the nature of Porphyry is to have a basis^ 
in which imbedded crystals, or parts of crystals^ 
appear. The basis may be any substance of a 
fine grain, as clay, of various induration, or 
clay-stone, horn-stone, and often compact fel- 
spar, and pitch-rstone. Felspar is the most jcom* 
mon imbedded substance ; but quartz is fre- 
quent. These are sometimes perfectly crystal- 
lized, sometimes roundod or irregular fragments^ 
In some porphyries, there are balls of chalce-. 
dony, and other mechanical appearances *. 

The position of porphyry is as various as 
its aspect. Xt is found in primary and secon^ 
dary tracts. In primary country, it often rests 
immediately on granite, and is. th^n hard- 

est«, 
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, * As in the ancient verd antique variety. The Swedish 
|)Orphyry contains red and green nodules. Saussnre (§ 1289.) 
mentions a porphyry with spots of white felspar^ sometimea 
ihomboidal and sometimes circular; such are common in 
Glen Shee. In those of Dauria> Patrip moitions spots <^ 
green and white> surrounded often by two {ones of these 
colours. Saussure (§ 1578.) mentions globules of lime in a 
porphyry. 



est*. In other cases, v^ins proceeding from 
it, traverse the granite and other strata \ apd, 
in this respect, associates it with unstratified 
tr^p f . Jasper, which is a hardened clay, is also 
related to it. 

Gnjiss sometimes assumes a porphyritic 
aspect, and so does granite. A transition fxoxn 
.granite to granitic porphyry bas been traced by 

Saussure. 



^ As on the mountain Benochie^ in Aberdeenshire^ where 
# mass of porphyry^ of the hardest day basis;; inclosing 
quartz^ lies unstratified^ upon unstratified red granite, lluaf 
porphyry offers numerous druses of quartz crystals. 

+ Porphyry veins in the killa^ (grey-wacke) rocks of St 
Agnes in Comwallj, are described in Geol. Tr. iv. 402. They 
are from half an inch to forty feet wide. By far the most 
interesting account of veins of porphyry, is in Dr MacCul* 
loch's account of the mountain Cruachan in Argyleshire. 
They travei^se the granite and shistus, and are firom three 
to fifty feet wide, or more : they are well defined, and do 
not produce disturbances in the rocks which they pass 
through. They pass into basalt, of which veins occur in 
die same place, (voL iv. 121.) 
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Saussurc *. As it is unstratified, and has been 
found in the same mountain, associated with 
basalt and granite, it appears to be related in 
position to them. It has, however, been hither- 
to too little studied to allow us to draw from it 
many conclusions f . 

Such* 



* Voyages dans les Alpes^ § 155. At the Pass of Leney; 
near Callender^ Dr Macknight mentions an example of mi- 
ca-slate becoming porphyritic, and very hard^ (Wem. Trans. 
I. 284.) 

I have been twice on Ben Nevis, where the porphyi*itic 
irock of the adjoining district of Glencoe forms an enormous 
mass, resting oh a syenitic granite. No stratification apn 
pears in either rock : the syenite is of pretty constant cha- 
racter ; the other varied in every mode, as in Glencoe. Dr 
Macknight (Wem. Trans, i. 312.) has traced beds of mica- 
slate and gneiss below. All my observations went to con- 
nect the whole country with unstratified trap, to which the 
relations are numerous. 

t I have here, with the exception of quartz rock, as- 
sumed the Wemerian order of rocks as true, because it 
agrees well with observations in many countries, but not in 
all. Cuvier has acknowledged, that no observations have 
made the order of all rocks correspond to the descriptions 

pf 
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Such is the order and general nature of thd 
Primary rocks. With regard to these, I have 
already mentioned the first questions, of which 
I shall attempt the solution^ the relations which 
they bear to granite, which is unconformable 
with regard to them, and unstratified* 

The Huttonian debris, spread over the bot- 
tom of the ocean, has never been shewn to have 
any other characters than that of an uniform 
substance, such as adheres to the lead of the 
mariner. If it separated there into strata, like 
those which we see on the earth, why was 

gneiss 



of Werner. Von Buch found well characterised granites 
lying over rocks containing petrifactions^ in Norway. (See 
Analysis of the labours of the Institute^ Thomson's Annals, 
X. 142. and Thomson's Chemistry, 181 7^ in. 5^9.) Raumer 
lately examined the Riesengebirge mountains, and for the 
arrangement of Werner, substitutes, 1. Granite, which is 
central ; 2. Gneiss and Granite ; S. Green-slate ; 4. Gneiss ;^ 
6. Mica-slate ; 6. Clay-slate : (Thcmison's Annals, vii. 478.) 
— «11 the last five bdng in the mantle-shaped position around 
the ^aoite. 



gileiss the first, mida-slate the second itratuiii^ 
and so on ? 

At the same time, all the stratified rocks 
bear matks of having been formed by the 
agency of water ; the rery existence .of strata 
shews this, and their regularity and parallelism 
throughout extended tracts of country, confirm 
it. It folbws^ that all the stratified rocks must 
have been originally soft, either from precipita- 
tion in a liquid in which they were ehetnically 
dissolved^ or from deposition from a fluids in 
which they were mechanically suspendedi All 
theories admit one or other of these conclu- 
sions. 

We May go farther, and infer thdt all thd 
rocks, stratified and unstratified, exhibit evi- 
dences of the minerals which compose them, ha-* 
ving existed as the constituents of other rocks^ 
which had been altered or destroyed in order to 
form them« For granite^ for instance, is com- 
posed of fragments of crystals of quartz^ felspar, 
and mica } and so of others^ This conclusion^ 
however, it is not, in the present stage of our 
inquiry, necessary to consider* 

It 
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It may tend to bring us nearer to' a trufl 
result, if the questions, which are, at the pre^* 
sent day, of highest importance in Geology, bo 
stated, before detailing the facts from which 
thdr explanation may be deduced. 

Why is granite always imconformable to 
the rocks below it, and they, when stratified, 
always conformable to it ? 

Why are the strata of gneiss, mica-slate, 
and clay-slate on granitic mountains, usually 
mantle-shaped ? 

What cause can be assigned for the xxnU 
form order in which gneiss, mica-slate, and the 
other primary rocks, rest on granite ? 

Why does gneiss generally contain more 
mica than granite, and mica-slate more than 
gneiss, and clay-slate less * ? 

How can we explain the facts, that the 
largest grained gneiss is always the oldest or 
nearest to granite, and the finer and more slaty 
varieties farthest from it, or newest f ? 

Or 



* Jameson^ Geognosy, p. 114* 
t lb. p. 115. 
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Or adCGUnt for the same facts With regard 
to mica-slate, the large granular being always 
the oldest, and the fine slaty the newest * ? 

Why in clay-slate does the quantity df mi- 
ca always diminish in the strata farthest from 
mica-slate, and is least in the newest strata f ? 

Why are the outgoings of gneiss strata al- 
ways lower than the granite on which they rest^ 
and higher than those of the mica-slate, which 
usually covers them | ? 

Why are the outgoings of mica-slate strata 
lower than those of the gneiss, on which they 
rest, and higher than those of the clay- slate 
which usually covers them § ? 

Why does quartz rock frequently possess 
marks of a mechanical structure, and connect 
with sandstone, which is evidently an aggregate 
of rolled grains || ? 

Whence 



* Jameson's Geognosy^ p. II9. 

t lb. p. 122, 

t lb. p. 116. 

§ lb. p. II9-. 

H See above, p. 57. 
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Whence arke the rtry geneieil taeodings of 
gneiss and mica-slltte strata ? 

How can we accouiHt for the constant trah«. 
sitians or {Passages of gneiss, mica-slate^ clay- 
slat€, quartz-rock, Sf-c. into each other ? 

Or for the frequent alternations which stirift* 
ta of these rocks always present ? 

Why are thin strata so oftw coimeeted 
with thick beds ? 

Why are strata of unOomoiidated substances 
fi^und in the midst of the best consolidated stra- 
ta? 

What reason c ail be assigned for the gene- 
ral direction of the strata of many countries 
firom N, E. to S* W* ? 



1. Granite * is always unconformable to 
the rocks above it, because its mode of forma- 
tion has been different from theirs. 

This may be inferred from the following 
facts : 

t It 



* It is always unHratified granite^ or the granite in dis* 
Anct concretions of Werner^ which is here meanti 



\ 
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It is unstratified, while they are stratified. 

It is found in the highest and lowest situ- 
ationSy in the countries where it occurs. 

In mountains containing it, it is always 
the central or conical mass, as the precipices 
shew ; the stratified rocks of gneiss, mica-slate, 
&c. heing wrapped around it, in mantle^shaped 
strata, which conform themselves to its posi- 
tion*. 

Like trap, it interferes with all the strati- 
fied rocks ; for most of them have been found 
resting upon it f ? 

Veins of granite shoot upwards from the 
substance of its mass into the incumbent strata 
above them, disrupting them, and presenting 
appearances frequently described if. But simi- 
lar veins from the gneiss, limestone, or mica- 
slate, 

* The descriptions of the Hartz^ and the Saxon moun- 
tains^ in Jameson's Geognosy, p. 71* afford fine illustrations 
of this appearance. 

t Porphyry, grey-wacke, limestone, and other secondary 
rocks, have been now often observed resting on granite. 

X First by Dr Hutton in Arran and dlen Tilt 
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slate, resting oft granite, nevejr. shoot; down into 
it- * : . 

Its structure Is entirely different ffom.tiuit 
of any regularly st ratified rock* Wjerner has 
desqribed it with great accuracy*. It. is form*' 
ed into large globular distinct; concretions, from 
one to two or more fathoms in diami^ter. .Thes^ 
concretions are again composed of curved lameU 
lar concretion^, and always include a hatder cea«^ 
tral mass. The spaces between these, globular 
concretions ate filled with granite possessing less 
solidity, and which decays rapidly, and thus 
leaves the harder central masses heaped on each 
other, or strewed about^ 

Dr MacCulloch has traced the structure 
of granite more minutely, from the appearances 
which it presents when decomposing f. The 
cubic and prismatic rhasses into which it se- 
parates, have their angles gently rounded by 
weathering ; a curvilinear outline gradually ap- 

E ^ pears. 



ii*i-b 



* Professor Jameson's Geognosy, p. 105. 

f See Observations on the Granite T6r8 in Cornwall^ 
Geol. Trans, vol. n. 71- 
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pearSy and more or less of a spheroidal form is 
at length developed. It must therefore be 
inferred, that the granite is unequally hard 
throughout its mass, from the centre to the 
circumference, and that a spherical form is its 
original structure. Nodules of spherical gra- 
nite occur in Arran ; and a particular variety, 
where the quartz, felspar, and hornblende, are 
arranged in a radiated and concentric structure, 
u found in Corsica *. 

It will be afterwards found, that this form 
is the same with that assumed by basalt and 
trap rocks f, and that it is the form given by 
nature td all unstratified rocks. 

No 



* Thi9 remarkable rodc^ not discovered tn situ till 1809# 
18 described below under Basalt^ where this subject is re- 
sumed. See also Pinkerton's Petralogy^ vol. ii. p. 6X2.-^ 
624. An orbicular porphyry is also found in Corsica. 

In the variety called tyger gramte, the hornblende forms 
radiating qriberes. 

t See the structure of greenstone in weathering, by Dr 
MaoCulloch, in GeoL Trans, n. 308. 

See bdow^ under the j^fifctore cf Trap. 
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No stratified rock Assumes this structure i 
^nd the nature of stratification is completely 
opposed to it. Hence an ori|^hal difference of 
formation between stratifi^^d ^an3 unstratified 
rocks may be legitimately ddduced^ 

We have here inferred pothihg \^ith regard 
^o the nature of the origin of gtanite. • -^ 






% A coq^t^nt relation between the mate- 
rials of granite, and those of the stratified rocks 
above it, is found to exist. 

For instance, gneiss consists of felspar, 
quartz, and mica, and differs from granite only 
in being stratified* Mica-slate contains mica 
and quartz. Quartz rock contains the quartz 
of granite. For clay-slate, I shall refer to the 
best analyses of that rock ; for when (he fine- 
ness of grain and structure do not allow us tq 
employ the external characters of thq simple 
minerals which constitute a rock, a knowledge 
of its chemical nature may assist us*. W^ 

must 

>■ I ■ ^ ' III 

* Analysis of Clay-date, Silex 48.6, Alumina StS^^ 

Xajpeaia 1.6, Peroxide of Iron 1L5^ Potash 4.7> Water 
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must not, however, rest upon this proof alone ; 
for the relations of clay-slate to felspar have 
been traced by Jamesqn, who Jias remarked 
the close alliance of clay-slate and compact fel- 
spar in geognostic position *. When we find, 

therefore. 



and Volatile Matter 7-6, Traces of Carbon and Sulphur, 
•-^DaubuMson, who endeavoured to diew, by this ana- 
lysis, that mica-slate and clay-slate are only different 
modes of combination of the same elements. See Jour- 
nal de Physique, I8O9. 

Compact Felspar of Sa^berg in Sweden, , Silica 68. Alu- 
mina 19. Lixifie 1. Potash 5.5, Qxide of Iron 4. Water 2,5. 
-— (Gpdon de St Memin, Jam. Min. i. 380.) 

Compact Felspar of the Pentlands, Silica 71-1 7> Alu- 
mina 13.60, Lime 0.40, Potash 3.19> Oxide of Iron 1.40, 
Manganese a Trace, Volatile matter 350w' — (Dr Ma^c^ 
kenzie, Wern. Trans, vol. i. 61 8.) 

See Analyses of Common Felspar in p. 31, 

* " The older strata of clay-slate alternate witli the new- 
er ones of mica-slate : when the mica-slate is awanting, it 
rest? on gneiss, and alternates with it in the same manner a^ 
It does with mica-slate; when the gneiss is awanting, it 
rests on gninitc, and also alternates witli it. These facts^ 
©hew, that cluy-slate is sometimes of cotemporaneous for- 
mation 
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therefore, a great coincidence in their analysis, 
we may infer that clay-slate is a felspar ex- 
tremely comniinuted, and little altered. The 
primary syenites and greenstones contain fel- 
spar and hornblende, whicl^ exist in granite. 
Limestone occurs in extensive bedsi intimately 
connected with gneiss, ^nd it appears as a con- 
stituent in some granites*. In porphyry, th^ 
^asis is various, but is generally a finely grained 

rocl^. 



mation with mica-slate> sometimes with gneiss^, and some- 
times with granite." Jam. Mineralogy, i. 442. In p. 448. 
he notices that it probably passes into compact felspar. 

* Chains of mountains in Canada are formed of a gra- 
nite in which limestone is substituted for felspar. Kalm 
first mentioned them. Saussure has described a similar rock 
near Mount Cenis. Werner told Mr Pinkerton, that he re- 
^^arded it as a truly primitive limestonc-r-In the Alps^ this 
calcareous granite more frequently assumes, the form of 
gneis8.-^Pink«rton, i. 209. 

Pr^nitive limestone often alternates with granite, and 
has been oft^n found to assume granitic form^.*— lb. 214. 

It may therefore be inferred, that mountains of grfuiit^c 
limestone had existed/and firom their nature had been more 
rapidly disintegrated than other rocks. 
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rocky often similar to clay-slate, and inclosing 
prystals of felspar. The minerals of the secon- 
dary strata may, in like manner, be traced t6 
the materials of girai^ite, saqd|i)tones to quart^^ 
clay-slates to felspar, traps to felspar and horn- 
blende, &c. 

May we not then infer, that all the prima- 
ry stratified rocks have been formed from un- 
Sftratified and more primary granite? Quartz, 
felspar, mica, hornblende, occur in them all. 
felspar, like quartz,^ is found iq all the strata ^ ; 
^nd is a substs^c? easily altered, and very liable 
to decomposition, while qviartz is unalte^ble. 
And clay-slate, which comqs so ne^r to felspar 
in nature and pqsition, presents its constituent 

parts with those alterations to >vhich its deconir 
position gives rise. 

3. This 



♦ See Jaineaon'9 Mineralogy^ voL i. p. S75. for A view of 
the eittensive distribution of this important minerai.^Beds 
of compact felspar^ in a pure state^ occur in ^eiss^ tfid 
tfiiktit primitive rocks,— lb. p. 381. 

It should be remembered^ that felspar forms from 70 to 
80 |?er cen/. of the mass of most granites. 
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8. This relation between the materials of 
granite, and those of the stratified rocks above 
it, is the closer, the nearer the stratified rock is 
to the granite, in order of position. 

This is evident, from considering that 
gneiss contains the quartz, felspar, and mica of 
granite ; that mica- slate contains only its mica 
and quartz ; and quartz rdCk its quartz ; that in 
these rocks the instances of alteration gradually 
increase from granite, and are more perceptible 
in clay-3lates, sandstones, porphyries, &c. which 
are farther removed in position from the cen-^ 
tral granite *• 



4. A mpcbanical structure of all the stra-^ 
tified primary rocks will alone explain the uni^ 

form 



m 



* The constant passages of all these rocks into each other, 
in a regular order, from day-slate, mica-slate, quartz rock, 
and gneiss, to granite, will be remembered here. We have 
to accoimt for this constant transition, and also for the di& 
ference between unstratified and stratified rocks. 
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form order which they observe in their position 
above granite. 

This will arise from the following consi- 
derations. 

A regular stratification implies the idea of 
a mechanical deposit from water j and that this 
is indeed the true explanation pf a regular se- 
ries of b^dsj^ St fata, qt( \^y^X^^ is generally ad- 
mitted, 

If it be admitted as to the secondary rocks^ 
why should it not be admitted as to the primar 
ry ones, since, as far as stratification is connectr 
ed, Xio -^difference appears between these twp 
glasses of stratified rocks, which graduate iptg^ 
each other f 

Mark^ of mechanical structure appear in^ 
all the primary stratified rocks. In gneiss, 
the particles which constitute the niass of the 
stone, are irregularly disseminated through it in 
numerous cases, and pieces of rounded quartz 
often appear in it. I am aware that there are 
marks which distinguish some of these froiq, 
rolled pieces in more secondary strata, and that 
they are commonly denominated cotemporane- 

ous. 
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©us. I shall therefore at present only infer, 
that a mechanical action appears from the frag- 
mented crystals of which gneiss consists, being 
very unequally distributed in the rock, and 
from masses of quartz and felspar constantly ap- 
pearing in it *. 

In mica-slate the mechanical appearances 
increase, and the inclosures of quartz bear two 
marks of mechanical action ; they maybe with- 
drawn from the j-ock with surfaces presenting 
marks of wearing; and they often exhibit 

very 



* Werner had in his possession a nodule of gneiss^ in- 
closed in granite.-*(Jam. Min. of Scottish Isles^ i. 41.) Saus- 
$ure observed a mass of granite^ which contained an oval 
piece of gneiss. It is probable that these granites were parts 
of stratified granite: for Dr Grierson (Wem. Trans, ii. 384.) 
gives a minute description of fragments of compact gneiss 
occurring in the stratified granite of Galloway^ and men- 
tions particularly the distinctness of juncture^ and the '^ gra- 
nite and gneiss alternating a vast number of times ;" whence 
I regard the whole as gneiss. Saussure> ^ 66l. gives ac« 
poujits, of granite imbedded in mica-slate and gneiss. 
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very flat masses, lying always in the directioi^ 
cf the strata, and presenting examples of a com- 
pressing force having acted upon them when in 
a softened state *. 

The mechanical nature of Quartz rock, and 
its being in m^ny case?; only an aggregate of 
fragments of quartz of all sizes, has been al- 

r 

ready stated, when giving an account of its po- 
fiition. It is in fact, from all the appearances, 
a highly indurated sandstone f. 

Clay-slate 

* Saussure^ § 1366. describes a mica-slat^ inclosing quartz 
in the form of lentiles^ of some inches in lengthy ^d one or 
jbwo in thickness. In Dr Macknight^s description of the 
mica-slate of B^nLedi^ ^' the masses of quartz of|en appear 
as if closely wrapped round by the substance of the slate^ 
like what might have taken place had the slaty matter form- 
ed around them as a sort of nuclei by the accretion of suc- 
cessive layers." — ^Wem. Trans, i. 291- He calls them co- 
temporaneous. 

t Saussure^ in § 763. mentions a sandstone graduating 
into gneiss. Kirwan mentions a sandstone near Prague^ 
graduating into homstone and granite> (Geol. Essays, 209.) 
Dr MacCulloch^ in lus description of the gneiss rocks in 
Guernsey^ (Geol. Trans, i. 90 mentions^ that they have eveiy 
variety of constitution^ from a true granite to gneiss^ mica« 
^slate^ felspar only^ and quartz only. 
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Clay^slate is closely associated with an^ 
t)asses into mica-slate ; when purest, it has all 
the characters of a deposit of finely divided par- 
ticles of matter, and when Mica is entangled in 
its substance, the plates of mica, as in gneiss 
and mica-slate, are laid parallel to the direction 
of the strata. 

The constant passages or trasitions which 
gneiss j mica -slate, and clay-slate present^ is ano- 
ther proof of mechanical structure. Gneiss and 
stratified granite form in many situations but 
one rock. Gneiss and mica- slate pass into each 
other by the most insensible gradations. Quarts 
rock often contains mica^ Mica-slate and clay- 
slate are alUed in the clost manner *. 

The 
' ■ ■■ - - 

* See^ as above> Jameson's Geognosy.— The appearance 
of gneiss^ &c. is ever varying. Granite^ in mountains com« 
posed of it^ is the only primary rock in which I have ob- 
served any approach to a r^rularity of grain and structure^ 
cm the large scale. On Lochnagar momitain^ I could per^ 
ceive no difference in Ifae appearance of the rock in a ravine] 
1200 feet high : gneiss is very different-— Mr Homer (GeoL 
Trans. 1. 185.) observes, that in the Malvern Hills, very fev 

rocbs 
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The remarkable fact, that the largest-grain-^ 
ed gneiss is the oldest, or next to the granite, 
and that the grains decrease in size as the rock 
is newer, is another proof of mechanical deposit. 
For this appearance, and that of the transitions, 
can be only explained on the supposition, that 
the fragments of crystals which constitute these 
rocksj were let fall from a liquid in which they 
were suspended^ and that the larger fragments, 
being from their mass less resisted in their de- 
scent than the smaller oneSj fell first, with least 
mica J that the felspar grains fell more slowly 
as they became smaller ; and that the mica in- 
creased in quantity, from the resistance which 
the shape of its plates opposed to its descent 
through the liquid. 

In the facts observed by Werner with re- 
gard to mica-slate and clay-slate, the above in-^ 
ference meets with new proofs. In mica[-slate, 
as in gneiss, the largest graiiied is always the 
oldest^ the fine slaty the newest. And mica, 

from 



tocks of a hemogeneoos stnictiire appeiur : they are unstra^ 
tified syenitic rocks. 
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from the fornl of its small plates of crystal, is of 
all the simple minerals that one which would re- 
main longest in suspension in water, excepting 
finely divided particles of felspar and clay*; 
If we allow this simple explanation, we shall he 
furnished bt once with the cause why mica gra- 
dually increases from the oldest gneiss to the 
newest mica-slate, and as gradually diminishes 
from the oldest clay-slate strata, to the newest^ 
which coiitain tione of it f * We also se« the 

reason 



* Mica descends even to variaus alluvial deposits ; and 
to sandstone^ wacke^ amygdaloid^ basalt^ &c. Jameson's Mi- 
neralogy, I. 454. Can any difference be shewn between 
the scales of mica in these and in the more primary strata!' 

^^ It sometimes forins short beds in granite and other 
primitive rocks ; o^ it appears in globular, oval, tuberose, 
or irregular-shaped cotemporaneous masses in granite or 
gneiss." — lb. 454. Is not this a description of appearances 
different from those of a chemical precipitation ? 

t Dr Macknight describes isolated masses of quartz, witli 
the layers of clay-slate lapped around them, and obeying 
exactly the irregularities of their various shapes, (Wem. 
Trans, vol. ii. 400.)... He infers, from the aspect of the mica- 
slate 
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reason why the order of the rocks is. Gneiss, 
Quartz rock. Mica-slate, and Clay-slate. 

Thus a cause connected with their mecha- 
nical structure explains their order of position 
around the globe. But, as this subject is capa- 
ble of direct proof from experiment, I have en- 
deavoured to strengthen the above conclusions 
by an appeal to that test. Experiments with a 
view to the illusti^ation of Geological facts have 
certainly been made tod sparingly. How much 
is it to be wished, that a well- furnished labora- 
tory were set apart for this purpose alone. 

A wooden box was constructed, six inches 
square tod nine feet in height, provided with a 
moveable bottom, by which a square tray about 
six inches deep, could be introduced. Two sides 
of this tray were formed of glass, to allow an 
-undisturbed inspection of its contents* When* 

the 
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dlate strata near Loch Lomond^ that the undulations were 
produced by deposition from a fluid affected by currents. 
This is certainly calling in a mechanical cause to act; and 
from inspection of much mica^slate in the same country in 
1811^ I drew the same inference. 
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the box was filled with water, the tray being 
previoiisly inserted above its bottoih, various' 
substances previousLy. arranged were let fall 
through the liquid, so as to imitate, as nearly as 
possible, the mechanical suspension and deposi- 
tion of the stratified rocks. As the separation 
of the constituent parts of granite by pounding 
is difficult, granitic sand unconsolidated, and 
presenting the proper proportions of quartz, mica, 
aad felspar, was selected from a quarry. The 
first attempts were not productive of good re- 
sults, from the rapidity with which the frag* 
Hients fell down : this was prevented by intro- 
ducing into the box an endless coil of hair, re- 
sembling the rope-engine of Vera, and turned 
slowly by the usual means. The gentle agita- 
tion thus communicated to the water, retarded 
the deposition; and when the materials of 
small-grained granites were let fall, granitic 
sand was never reproduced, but a gneiss gradu- 
ating into mica-slate, most mica being upper- 
most. With mica-slate in powder were mixed- 
various portions of blue clays, reduced to a fine 
division by burning ; and such results as had 

F been^ 
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been anticipated, appeared. Felspar is a heaivieir 
substance than quartz, and in grains^ of equal di^; 
mensions, falls quicker ^ but in gneiss the grains 
of felspar are. in most cases larger than : those of 
quartz. It. will be easily seen, from these trials,, 
that in substances descending through water,, 
the resistance arises from the specific gravity and? 
the size and form united. — ^With water saturated 
with salt, the results were, still more distinct.-^— 
Thesesimple experimentsmay be easily repeated j. 
and perhaps they afford one of the best modes of. 
studying the nature of the stratified rocks. 



I shall proceed to another proof of mecha* 
nical formation, derived from the outgoings of 
the strata of the primary stratified rocks. The 
outgoings of gneiss strata arc altvays lower than 
those of the granite on which they repose ; and^ 
higher than those of the mica-slate, which com- 
monly covers them. And the outgoings of mi- 
ca-slate strata, are lower than those of the gneiss 
on which they rest, and higher than those of the 
clay-slate which usually covers thenu 

Upon 
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l^poii thre theor5r of itt brigitt froitfi tJValftift^, 
and of a mechanical idepdsit &bm a li^iAd, thh 
is exactly whM should itpp^dr in the^e strata^i 
For the materials of gtteisft, ititea^s-fete, iahfl clay^- 
filate, falling down above a eenttal iknconfdni^ 
able nucleus of g^anite> thb fineat i^ittlcles wbtild 
be dispersed to the greatest distance, and Woxlld 
covet thte outgoings of the rest* The mica-slate 
would go beyohd the giteissj ariA the finer jikr^ 
ticks of the clay-slate would in thieir turn cfovfet 
the mica-slate* So ithW the outgoings of thi 
strata would be the same with What wte observe!. 

[The mantle-shape of the strata of gneiW^ 
mica-slate, ahd clay-slate affords another proof 
of mechanical deposit around a nucleus* This, 
is observed in the most primary mountains only, 
as in those of the Hartz, Saxony, the central 
groupe of Scotland, &c. The Werneriah di^ 
scriptions hete art precise and accilrate ; they 
ialonfe fexhibit the appearances of nature j just a^ 
Werner has given oiie of the best descriptions 
of unstratified iGranite. Thus, in the Hartz 
mountains of Germany, the granite of the Brocks 
tn rises up through all the strata. The strata 

f2 6t 
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clay-slate are wrapped around it, gneiss and mi- 
ca^slate being wanting. The other strata svic- 
ceedy each with lower and lower outgoings, in 
the surrounding hills ; each stratum reaching a 
lower level the farther it proceeds from the cen- 
tral mountain *. All this is evident, if a me- 
ohanical deposition be supposed. 

The constant alternation of beds of gneiss 
with those of Mmestone, mica- slate, and prima- 
ry trap, &c. shew,' that on the supposition of a 
chemical deposit from a liquid,, the causes ne- 
cessary to explain the phaenomena must be exr 
tremely complicated, and at present entirely be- 

yond 



0-^ 



* Jameson's Geognosy^ p. 71* 

With regmrd to the formation of strata on planes of great 
devation^ some facts are ascertained. The debris on Salis- 
bury Crags lie on the hill at an angle of 50* nearly. Some 
parts of the debris on Ben Macdhui and Ben Nevis can 
scarcely be estimated at less than 55^. On Camtoul^ some 
of the debris above the' Blue Lake averages 60*. Hum- 
boldt has remarked on the deception which arises in esti- 
mating the angle at which a mountain rises^ and has de- 
fcrib^ a contrivance for measuring accurately. — See also 
Dr Macknigbf s observations in Wem. Tr. vol. ii. p. 402. 
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yond the range of our knowledge either of che- 
mical solution or precipitation. Here no at- 
planation has been supplied, nor any of that idea, 
of gradual passage from perfect chemical to per- 
feet mechanical deposits, upon which tht Geo- 
gnosy of Werner is founded*, and of which Na- 
ture offers to us no trace ^. On the theory of a 
degradation from large granitic masses, the pre- 
sence of alternating strata confirms their me<- 
chanical nature. For the disintegrating causes 
which act on the granite must, from their na^ 
ture, act unequally, and alternating strata of 
the same rocks be in many cases produced on 
the same spots. The action of rapid currents • 

will alone tend to produce them fv 

The 



* '' The primitive parts of the crust of the earth are 
eniirefy chemical productions; whereas in the newer and 
newer, we find a beginning and increaring quantity of me* 
chanical depositions."— Werner's second inference in Jame- 
son's Geognosy, 69. This implies a constant mixture of 
chemical and mechanical deposits in many rocka. 

t This action of currents has been adduced by Mi Fie* 
ming to explain some appearances in Papa Stour in Shet» 
land (Wem. Tnouk 1. 173.) 
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Tfjje afppparance of -thin altcrnatfijig with 
thii^k stra^, is another, p^ropjE* of mechanipal de-^ 
ppMt- Tbis tak^s plgc$ ip,our experimental! iml~ 
tactions, ^d may ^ referre4 to thi^ sa^n? causfs 
which pi:o4^ce^ a}t?rnatiflg^ strata.' 
. ]|t ^tiU temaiiis to apply these, priaciples to 
tj^^t; xiiegiil^rity whjch i3^ oh^rvefil( in the direc- 
tion of th? greater pRrt of the stratft^ Few fects 
hav^ b??», more l^os^ilp tp the ^uttonian hypo.- 
thesis than this* To supppse the^aiptipn of heajt . 
frppi h^hw v^V9^ sjirate pf SJ?iss, sjate, &c^ 
m-^iousfj/ conspJidgted, is tp imtrpdupe a.po^wrcr 
of irregular and violent actiop, displacing the 
s|rata in every diregtiony apd to a great es^tent. 
Against an explosive agent, regular bearings of 
strata to a great extent are entirely opposed. 
From all my observations, I have been led, with 
many others, to the idea, that the great uiassips 
9^ th^ sprats have ^pa fornjec^ ii;i, the., spRts , 
vfh^K Mre< now.see. thecDf But no inconsisieii- 
cy will arise in^ supposing that they were depo- 
jiited above those nuclei whenqe they derived 
their ma^i^ri^s, These materials did not come 

' originally 
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originally from above, but arose from the dis^ 
integration of the masses on the surface. 

From all observations it does not appear, 
tjiat there exists one general direction or dip of 
litrata, which is the same in primary , transitioOi. 
and secondary rocks. The mantle-shaped stra- 
ta whicK invest granite mountains, the great re-* 
gularity of their outgoings in primary tiracts, 
the higher inclination of thexr strata from their 
resting on gtanite, and their direction and dip 
being confi)r]mable to those of the sides of the 
fundamental i^ock,. all giy^ rise to a great diffe- 
rence in the appe^rao^eof these strata from that 
of those of lower sjAu^tions. It is chiefly in the 
latter, and at. sqme di/stance from the mountains 
of granite, that a general direction is visible. 
In extended tracts of mica-slate and clay-slate, 
it always appears, as in Scotland, where I have 
traced it from the extremity of the valleys in 
the mountains of Mar, to the shores of Argyle^ 
shire at Oban. Throughout the whole line of 
the Grampian chain, the strata run from N. £. 
to S. W», and this general direction is the sam^- 
with that of the range of these mountains. In 
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the numerous narrow glens of Mar and the fOr 
rest of Avon, this appearance ceases^ and the. 
mantle-shaped strata of Werner come into view. 
Humboldt, from his observations in Germany, 
Switzerland, Italy, Qalicia, and South America, 
has inferred a general direction of the strata in 
all these countries, from N. E. to S. W. at an 
angle of 50° with the meridian, and a dip under 
an angle of from 60° to 80° to the N. W. 

No fact in Geology can be moje interestr 
ing than this ; and, if connected with other ap- 
pearances, it leads to conclusions of the most 
useful kind. Humboldt himself draws from it 
that inference to which all the principles above 
developed tend^ That the direction and the ac- 
clivity of mountains and mountain ranges, are 
phsenomena subsequent to the formation of the 
original mountains themselves. I confess that- 
it was this confirmation of my Tdeas by a tra- 
veller so illustrious, that has led me to state 
them so- generally. — ^** The strata of the origi- 
*^ nal mountains appear, amidst all the angles 
*^ of direction and dip at present observable, 
*^ to have existed before tjiese changes of the 

" surface 



it 



8& 

^ ^surface of the earth. They are the same at 
the summit of the Alps, and at the bottoiA 
of the deepest mines. When we travel foi 
'* fifteen leagues over strata of clay-slate, which" 
** are parallel to one another, and dip at aii 
*^ angle of 70° to the N.W., we can no longet 
" believe that they were deranged strata, which 
** were once horizontal*." Now, on the theo- 
ry of a mechanical deposit from an extended 
ma^s of waters, this is exactly the appearance 
which we would expect to find in nature. A 
few mantle-shaped strata would be left around 
the central pyramids of granite ; but the great 
deposits of rocks, both primary and secondary^ 
would, from the transportation of their mate- 
rials, take place rapidly and unifonnly over ex-^ 
tended tracts. 

4 

Humboldt 
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* See Von Bach's Description of Landeck^ A]>peiiduc> 
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HuivfBOLDT hints at the cause o^ an, ap*' 
|Ksarance. so general, and is of opinion that it cair 
Ife founded only in Ijhe ro|;atipn of thp Earth) *w 
—-In ^ spUieroid covered with a liquid^ through* 
which mechanically diffused substances w?re 
falling, which is in motion on its ai^sis. from "127. 
to E. and is not acted on by influences^ whiph- 
produce vibratory tides, the suspended mate- 
rials, from the combination of the.rot;atoyy mo-, 
tion with the diminishing velocity communis 
cated to the waters from th? equator to the- 
pole, would assume; in their deposit tlje diago^. 
nal lines from S.W. to N.E. f 

Such would be the case in an uniform m^ss^ 
or waters. In a spheroid, on whos^p surface* 
large masses of land wiere thrown up in clusr 

ters^ 



* Wem. Trans, vol. i. p. I07. 

. « 

t .It is reiQarkable^ tfa^M; in;the Scottiah mountains^ the. 
principal choires, pr hollows, open to the N.E» 
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ter^ discojrdaaces woiil4 ari;9e, aad the general 
result would not be always preserved/ Enough, 
of uniform direction of the strata would, how- 
ever, reAiain to testify the regularity of the 
cause which bad acted in their arrangement* 
And thus this explanation supplies us with an- 
other proof of a mechanical deposit of the ma- 
terials of all the stratified rocks, if more proofs 
were wanted. The facts observed are inconsis- 
tent with the idea of a chemical precipitation^ 
They form one of those links which connect in- 
timately the science of Geology with the re«* 
searches of Physical Ajitronomy, and exhibit 
new relations between the worlds which sur^ 
round us, and our own glohe* 



These are the proofs which have appeared;, 
to me favourable to the mechanical origin of alJ^ 
the primary stratified rocks. They constitute a 
mass of evidence, which explains far. more of 
the appearances of nature, th^n, apy pthjer theo- 
ry. I might here add tp them, that proof 
which is derived from the facL that np liquid^ 

solvent. 
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iolventy but water, is attached to our planet^ 
and that it could not be the liquid which dis* 
solved all these rocks, because it is possessed of 
no such powers. Some geologists have indeed 
hinted at the probability of its solvent powera 
being brought into action by heating it to a 
temperature uncjer 212® ; but of this, alsQ, the 
whole range of chemical science supplies us 
with no proof It is not sufficient to prove that 
water can dissolve small quantities of silex or 
alumina, or larger quantities of those earths, if 
both be placed in it in a minute state of divi^ 
sion*; water must have dissolved the whole 
masses of unstratified and stratified rocks, in 
order to accomplish thq ends of th^ Wernerian 
Geognosy. It must, evea in the metallic veins, 
have acted on all those metals, to which, at the 
^ present day, it possesses no relation of solution 
whatever f.— That the waters of the globe 

were 



* Murray's Comparative View, p. SO. 

t It is necessaiy to find precipitants^ as well as to dis- 
^lye^ and to have ihese acting and ceasing to act at various 

intarvals. 
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Were present, at the formation of our unstrati- 
fied and stratified rocks, is evident from the fi- 
gure of the earth, the appearances of stratifica- 
tion, and the existence of water in them all! 
That it was present in the metallic veins, is evi-^ 
dent from thfe water which they often inclose* 
The organic remains attest its existence when 
the secondary strata were deposited. — I am, 
however, unwilling to press this proof, for a 
reason already mentioned, that it is not from 
evidence of this kind that we are to attempt 
the interpretation of nature j but from the stu-» 
dy of the rocks, and the simple minerals them-^ 
. selves. Without this one, all the other proofs 
of mechanical orijg^in corroborate each other^ 



It 
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intervals. The Wemerian principle is in iact bounded by 
the limited quantity oi water belonging to our world. See 
Murray^ ib. p. 87* for the best defence of the solvent powers 
of water. It is rather remarkable^ that the progress of 
chemical scietice has added nothing to this principle of 
Werner, while many new facts have been observed re- 
fliiecting the action of heat 
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It id novfr necessary to consider dn objed^ 
tion to the whole of the above reasoning ; — on 
objection to which I paid so much attention, 
that it alone constituted the chief reason why 
these proofs were not sooner placed in order ; 
for it appeared for a long time to be insuper* 
able. In a case of this kind, where the appear- 
ailces of nature afford conclusions so simple and 
obvious to him who studies them, and y^t where 
one fact cariHot be explained consistently with 
out present knowledge of minerals, it is our du- 
ty to wait, and to examine. For it is certain, 
that one appearance not explained, dnd yet by 
its relations bearing on the explanation of many 
others, will overturn a theory completely. 

It will, then, have already occurred to you, 
how, on the theory of a formation of all the 
stratified rocks by mechanical depositibn solely, 
it i§ possible to account for the perfect appear- 
ances of crystallized minerals which we fitid 
inclosed in them all. Every observer is fami- 
liar with these appearances, which, with soipe 

propriety. 
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propriity, ate called cotemporiuieous, t>ecatisiB 
tfaey are evidently of the same sera of formation 
'with the rock itself^ or nearly so. Thus gneisSi 
tjuartz rock^ mica«slatev clay-^slate^ and all other 
tockSf from fch^e oldest gneiss to the newest chalky 
without one ex^^eption^ enclose crystals of quartz, 
felspar, hornblende, garnet, actynolite, iron py* 
rites, topaz, and indeed all the minerals which 
are found in beds. These, too, often constitute 
^ considerable part of the mass of the rodk ; ai 
garnets in mica-slate. All are true crystailiza- 
tionis ; and, with those larger and finer deposits 
found in veins, seetn to have been formed by a 
process similar to that which we observe in oui^ 
artificial solutions of salts. If heat was the 
agent, that heat which hardened, did not melt 
the strata, and therefore could not melt and 
crystallize the crystals which they involve, since 
they are as infusible as the strata themselves. 
If water was the agent, where was the space in 
which it could exert its energies, should we gra*- 
tuitously bestow upon it the power of dissolving 
garnets or iron-pyrites ? Let it be remembered, 
too, that every appearance indicates that these 

crystals 
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crystals were formed subsequently to the ar-s 
rangeroent of the strata. They bear no marks 
of mechanical degradation y they have formed 
wherever they found room to shoot forth their 
crystals ; and they are closely r^ated to the 
space' around them, from which they have ne^ 
ver been removed since the date of their ori- 
gin* 

Upon the subject of the fcrystallizatibn of 
minerals, few facts have yet been accumulated* 
Most theorists have felt the abdve objection} 
and finding it impossible to answer it, have 
passed it in silence* Some, like La Metherie, 
have supposed that felspar requires lAost water 
to crystallize, arid must therefore be the oldest 
rock J but felspar occurs . in every rock, from 
the oldest to the newest. Otheins have arrai>- 
ged horniblende, quartz, mica, magne^a, and the 
metals, in a regular order of relation to water, 
without one fact to support their ideas. The 
opinions of Count Bournon *, and Mr Kir- 
wan, 



• See Phaos. Trans. 1804, p. S8. 
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WA^.^f etavey no satisfactidn to tlie inqiiiren 
They both suppose a complete solation in Wa^ 
ter, like Werner^ who explains the deposits 
of metallic veins by a succession of precipitates, 
following each other^ at times very distant^ from 
the same solution j. At the present day, Ber- 
zELius has confessed his inability to explain the 
formation of a metallic sulphuret in a veifi| ex^ 
cepting by the agency of the electrical fire X* 

Yet 



* See his Mineralogy, vol. i. p. 2$. (2d edition). Both 
tpeak of a precipitation of the molecules of quarts, carbonate 
of lime, &c. 

" When a fluid holds in solution the integrant molecules 
of seyeral different Substances, the molecules of one substance 
pass between those of the others, and each obeying its own 
laws of attractibn, crystallizes separately. There is not a 
metalliferous vein which does not contain examples of thisi" 
&e. Count de vBoumon, in Traitc de Minerahgie, tcHn. lu 

m. 

■ 
ft 

t Werner's New Theory of Veins, Dr Anderson*^ trans- 
lation, p. 119* 

t X Bcrzdius' Attempt to establish a pure system of Mi'^ 
Bo^alo^, &C. 1814, p. 19* note. The whole passage is a sin** 

gular 
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Tet there are not wanting sevtral hctn^ 
which, if extended, will afford us new views of 

that 



gular example of assigning a cause^ of the mode of whose 
action we have at present no means of judging. 

'^ The opinion^ that minerals have been produced by the 
ftising agency of a high temperature^ and a consequent^ 
cooling, has not yet lost all its advocates, although a single 
decrepitating crystal, a single petrifaction, is an incontes- 
tible truth for all who can perceive what is proved by thd^ 
agency of these. It is dear, on the other hand, that we of- 
ten see crystals, whidi, according to what we have hitherto 
been taught by theory, never can, as such, have been di»» 
solved in water ; for example, sulphurets and arseaipreU of 
metals. But here we must recollect, that in the solutions 
which are carried on beneath the surface of the earth, a 
power operates which we never can dispose of exactly in the 
same manner in our experiments, namely, electricity, and 
that which in our experiments is produced in the course of 
a day or two' at most, may in the bowels of the earth re« 
quire centuries for its developement. The blended masses 
of the globe, burst through and penetrated on all aides by 
intruding water, produce innimierable midtitudes of electri- 
cal circuits, which cross one another in all possible direc« 
tions, without impeding liieir separate operations^ like the 
rays of the sun on the surface of the earth, and deternjuna 

the 
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that crystalUiing procdfe which imtut^ has em- 
ployed, and still carries on. It is not, for in- 
stance, necestsary to the formation of a crystal, 
that solution in any liquid should take place ; 
iior has this process any relation to the air. 
For sulphur, corrosive sublimate, several metals, 
and other bodies, condense in vacuo, and the 
forming crystal must therefore arise from gra- 
dual deposits of matter in the state of gas. Si- 
lex has been sublimed in artificial fires, and is 
often formed in stalactitical appearances in the 
cavities of cQoling lavas, of which the heat is 
well known not to be great, 

Spallanzani found zeolites near the hot 
^oves of Lipari *. All the metals may be su- 
blimed, ' 

M — -— - -■ - ^ -- r -^.- -_^_-_^.. 

I 

the eternal activity by which tJie nuusses of the interior of 
the earth slowly experience incessant changes, destruction, 
and new forms. Crystallizations, solutions, reductions, o!ti-> 
dations, take place here incessantly, under ft>Tms and pro^ 
portions which art, unable to dispose of its efficient powiers 
in the same manner, will never perhi^ps be capable q£ imi^ 
tating." 

* See his Travdf in the Two Sicilies, vol. lu. p. S^^^^-^* 
"Dr MacCulloch relates a Bublimation of silex in his furnace. 

• 2 (Geo}. 
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blimed, and their gases condensed, in form» 
more or less crystalline *. It is not difficult to 
conceive of the formation of crystals from aerial 

# 

substance ; but it is not so easy to understand 
the progress of crystallization after a mass of 
matter has become to all appearance solid. This 
fact was first observed and reasoned upon, by 
Mr G. Watt f , in his experiments on the 
changes produced by slow cooling on a large 
mass of basalt. There the formation of a ra- 
diated structure, and spherical forms, continued 

to 



t ^ .. I !•< i' 



GeoL Trans, ii. 275.) BreisUc found uliceous stalactites 
on the walls of a house overwhelmed by the Vesuvian lava 
of 1794; and his experiments 8hew> that that lava, wheii 
flowing^ could melt copper^ but not silver* 

Siliceous stalactites, like strung pearls, occur in Ischia;^ 
in the Solfisttara, and in the Maremma of Tuscany, (GeoL 
Trans, ii. 299.) 

* The new blowpipes allow this to be done ; but forty 
years since, Lavoisier gilt a plate of silver, by placing it 
above gold, in a furnace urged by oxygen gas. Ais^mt^ 
Telluritun, Zinc, &c. sublime at low heats. 



t Philos. Trans. 1804, p. 2g0. 
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to go on after the mass had become solid, and 
for days, till at last small crystals began to ap- 
pear in the stony substance. The change went 
on from glass to a rock inclosing crystals. The 
changes incident to glass, when it is exposed to 
heat for some time, without approaching fusion 
of its substance, in order to convert it into 
Reaumur's porcelain, must be ascribed to a si- 
milar arrangement**. When hot steel is plun- 
ged in water, in prder to harden it, its particles 
take a crystalline arrangement, and occupy 
more room j for steel in the hardening process, 
decreases in density. These arid other phseno- 
mena, shew us that motions and crystalline ar- 
rangements take place in solid matter. We 
infer these motions, with certainty, from the 
facts ; but the subject of cohesion is too obscure 
to allow us at present to gener^ize them. They 

seem 



■^ 



* It has been well established^ that Reaumur's porcelain 
is a species of crystallization ; and of course^ that glass crys- 
tallizes at two periods; in Prince Rupert's dropd^ when it is 
cooled rapidly^ and in this porcelain where it is cooled very 
^wly. 
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seem to be connected with an extensive rangt 
of phaenomena^ of which the malleable metals 
afford us one example. In hammering them, 
their density is increased, apd beat is given 
out; but, in this operation, we can transfer a 

I 

part of the substance of the metal, as lead, to a 
distance from its original place in the mass, 
and yet do this without overcoming the cohe-r 
sive force which continues to act during the 
displacement of the particles. 

It is obvious, that the admission of a prin- 
ciple of this kiad may b^ applied to explain 
many appearances -^ and M,x Watt ba^ referred 
to its action, wiih great probaA)ility, the change 
of lavas to that porphyritic structure, which is 
so common in them, the fonnati^xi of leucites 
and augites in their substance, and the origin 
of all porphyries in general Those limestones 
which pass slowly from a radiated concentric to a 
compact and crystalline arrangement, may have 
their change produced in the same manner *. 

Let 



til i ' 



♦ Philos. Trans. 1804; p. 297. 
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Let us next inquire if lye have any analo* 
gou£ facts to guide us with respect to §<|u$ous 
solution. Long crystalline ramifications of thin 
ice form every winter on our windows ; and as 
the water which foni]^ed theiQ could scarcely 
be in any case said to be a eontinuous substance 
j>ver the surface of glass which it speedily runs 
down, it may be inferred that the size and 
j^ymmetry of the arrangement which we see oii 
the pane, does not arise from ^ crystallization 
of water over ite whole 9i|r&ce at ot^ce, but foU 
lows from the gradual deposit of liquid fr(mi 
the rain or cooling air. Yet all the ice on the 
glass is connected in one form, which must have 
arisen gradually ftom successive deposit) of wa- 
$ex *p I havei also frequently observed, that in 

saline 

* It is not TAetait, tlutt in h6 case as mtu^ water is am 
Ills i^ass at once, as there is. of ice formed, but that the uni« 
ty of the anrangement requires this explanation. What oour 
firms it is, that on a close inspection, the ice will h^ foimd 
thiekier on one piort than toother, and in several cases, parts 
of the glass will be alt<^gether free from it The whole of 
this very common appeanmee deserves minute investig^x 
tiont 
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saline solutions, such as nitre, if a quantity be 
allowed to evaporate very slowly at the ordina- 
ry temperature of our winter, we have not a 
mass of solid amorphous salt at the bottom^ but 
very distinct and often large crystals, lying at 
pretty considerable distances from each other. 
Here the last portions of liquid must have de* 
posited their salt, not in that level which we 
would expect, but around crystals to whose size 
and symmetry they contributed with the great- 
est regularity. The appearance is analogous to 

■ 

what we observe in every calcareous stalactite. 
There it is ane drcp charged with carbonate of 
lime, which hangs at the end of the pillar, and 
yet that pillar often exhibits large foHa of cal- 
careous spar, an inch in diameter #• These 
must have arisen from a gradual' application of 
the successive particles of stone. When the 
same, spar is forxned in c^ves of basalt, at a dis- 
tance 



^ Dr Clarke has described tiiis &ct, in the Grotto of 
Antiparos^ (Travels^ vol ni. 407-) It is seeain every sta- 
lactiticai cave. Dr Clarke (412.) has ^vm the iofeience of 
a continuous deposit^ but not of a mechanical transit • 
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tance &om calcareous matter, the carbonate of 
lime of the basalt must have separated from 
the mass, and have produced the stalactite^; 
But the w^ter necessary for each column is on* 
\j a &w drops, to percolate through the basalt, 
extract its lime, and arrange it slowly in a new 

form. 

It is thus that for the most perfect and ex- 
|:ended crystallizations, no large quantity of wa- 
ter is required, Aad, in many cases, the time 
necessary for them dpi^s not appear to be very 
great* Mt Methuon appears to have been the 
first who examined accurately- the formation of 
crystals in this mode. In a block of decompos-^ 
ing sbistuS) be. watched the crystals of alum 
gradually enlarging ; in pther rocks, the pro- 
gress of quartz, garnet, idocrase, and other mi- 
nerals ; and, after several yeari^, he discovered 
ti^e con4itionsf requisite for their fmlTntinn | 

In 

« 

..■■■■■■. ^ I . ■ , 

* Dr Berger (Geol. Trans, iii. 1<H.) mentions four caves 
in Rathlin^ where this appearance is seen. 

t See Journal of Science, No. 1. p. 128. M. Metbuon 
has giveii 41 theory of these appearances^ on which^ in the 

present 
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In November iai6» I saw^ in the botanic gavr 
jien of Mr TEMPLEtoN, at Malong, near Bel- 
fast, masses of an^ygdaloidal baisalti where depo* 
sits of mesotype bad been formed in the cartT 
ties in the course of twelve months. He had 
first noticed their formation about twd yeari 
previously ; and having communicated it tQ 
some friends^ the cavities in sotne masses were 
carefully scn^ped, so as to detach their zeolites, 
and the pieces being exposed in a moist situa^ 
lion, new formations of Crystals etisaed. 

The inferences from all these facts become 
pf great interest in our attempts to interpret the 
operations of natitre in the formation of crystals. 
Yet these inferences might have been long 
drawn from the formation of an aluminous salt, 
which is constantly seen going on in alum-slate, 
ftnd even in the specimens of that stone pre- 
served irf cabinets of minerals. The thick slaty 

masses 



present state of our kno#ledge^ it woold be istxprcfpet t6 re^ 
mark. In the eourse of two years, by exposure of a nass 
of silico«cakareous earth in a sooist situation, he fonned 
crystals of quartz three quarters of ap. inch in length. 
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masses gradually^ on weatliering^ separate and 
form into thin layers ; between these^ crops of 
fine silky crystals soon begin to appear, ' and, 
gradually increasing* push the layers to a great- 
px distance as they expand in size. This ap- 
pearance is seen on the large scale, and in great 
perfection, at the Hnrlet mine n^ar Glasgow.-— 
Should we not, then, be allowed, from all the 
appearances, to conclude, that crystallization 
may arise frqm the deposit of matter in the 
gaseous, the aqueous, or the solid state j that, if 
the expression may be allowed, a dri/ crystalli- 
zation exists, or a formation of crystals, to which 
^o more water is necessary than is requisite to 
convey to their point of union the particles of 
mineral substai^ce, and which, iii many cases, 
' exposure in moist situations, or the water pre- 
sent in the atmosphere, is sufficient to supply *. 

All 



* Perhaps- we here apjnroadi also to the explanation of 
. ooe of the most anomalous facts in Physics^ — ^the difference 
apparent in the action of Heat in large and in small masses* 
.Lavas Mrhoch will not mek silver^ sublime silex ; common 

salt 
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All our late discoveries on this subject, tend t0 
the idea that crystallization is a process entirely 
mechanical. The dissection of crystals, their 
irnodes of aggregation, their cleavages, and the 
strength of their structure, are evidences of the 
action of cohesive power. If in solid cooling 
matter, like glass or steel, the crystalline ar^ 
rangement is produced ; in other cases, the for- 
mation of regular forms may be assisted by 
such small quantities of water as can convey 
the molecules of solid matter to their destina^ 
tion, as part of an uniform crystal. 

In mineral veins, and in substances which 
crystallize upon or within the substance of 
©thers, thp difficulties of ^explanatipn have hi- 
therto 



f*" 



inlt is decomposed in kilns^ and its soda sublimed to glaze 
the pottery ; these^ and other appearances^ shew us an ui- 
equality in the action of this agent, which Ve would not exr 
pect to find.— 'The presence of watery vapour^ which gives 
volatility to most substances, will not explain the phaeno- 
mena well. May they be referred to that motion of sub- 
stance above mentioned? Crystals may be formed more in* 
fusible than the rock in which they are imbedded^ if a prin^ 
«ple of this kind can be established firom facts. 
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therto arisen from the employment of heat or 
water alone. In the example of the Portsoy oi; 
Heorew granite *, which is from a vein, the 
explanation of Hutton was always untenable, 
because it supposed that the quartz, which is 
the most infusible constituent of the rock, con- 
tinued fluid after the felspar, which is more fu- 
sible ; and whicb, instead of impressing the 
quartz with its rhomboidal crystals, should 
have become solid after it f . So when crystals 
of hornblende, shorl, titanium, &Ci shoot through 
rock-crystal; or when fluor-spar has given its 
cubic forms to pyramids of quartz which invest 
it, the most infusible mineral, the quartz,, must 

have 



UUJLm 



* This granite is a compound of felspar and quartz^ the 
quartz being compressed or modified in shape by the crys* 
tals of felspar. It is found in several spots^ and is by no 
means so uncommon a mineral as was once supposed. 

+ The other explanation is equally unsatisfactory ; for 
quartz^ being not very soluble^ should have crystallized be- 
fore the felspar. This is Kirwan's supposition^ from the 
small affinity of quartz to water. — On the prinusval State of 
the Globe, Irish Trans, vi. 242. 
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have become solid after the othets whict tri-» 
Verse its substance, or give it an impressions 
In these numerous cases^ no objection can arise 
to the existence of successive stages of crystalli- 
zation from small quantities of water. The ac- 
tion of heat alone can iiever explain the appear-* 
ances, nor is it necessary. Had it melted the 
materials of a vein completely, it must have 
presented a very different class of phaenomena 
from what we observe. The regularity of de- 
posits, and the penetration of matter, could ne- 
ver have been exhibited. Had it fused the 
nodules df quartz in mica^slate, it must have 
melted the adjoining rock at the same time. 
Had heat acted on the calcareous spar which of- 
ten adheres to an oyster-shell, it must^ to form 
complete crystals j have dissolved the organic re- 
main, and rendered the whole rock aroUnd crys- 
talline. Had water formed the same spar from 
a solution, that solution must have dissolved the 
shell. By admitting a formation of crystals by 
small quantities of moisture, the spar will be 
formed, the shell not acted upon, and the rock 
in which it is imbedded, not altered in its me- 
chanical 
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^hanica) texture *. On the Wernerian ideas di 
solution in a liquid of the materials of a mine- 
ral vein^ how could that vein contain, in its re* 
cesses, the necessary quantity of solvent ? No 
appearance in the Derbyshire mines is more 
common than the following. A mass of quartz 
has been moulded on cubes of fluor-spar, and 
after these last have fallen off or been displaced 
by a shift, new crystals of fluor-spar and galena 
'have succeeded to their scite. Here the action 
of a solvent, in situations where no room for it 
exists, is required by the Werneriap. On the 
principles above given, the difficulties disap* 
pear ; water exists in sufficient quantities, in all 
rocks f , to continue the crystallizing process ; 
the presence of a certain quantity of heat in 

moro 



* Dr Kidd (Mineralogy^ i. 74.) mentions & shell lined 
with crystals of fluor-spar^ in the mineralogical cabinet of 
Oxford. 

t Of this there are many proo&*— Murray's Comparative 

View^ p. 100. ^When granite is bored through in sink« 

ing weUsydie rode at some depth is found softer than at iht 
surface. 



\ 
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more early stages may hasten^ but wcnild not 
impede the arrangement ; and to its agency we 
may ascribe the fusion of the metallic parts, as 
when jsilver or gold penetrate quartz in minute 
ramifications *. All these ideas correspond to 

the 



* Dr MacCiilloch has described the confervas and other 
plants enclosed in chalcedonies^ in Geol. Trans, iii. 522. and 
has inferred^ from the appearances^ an aqueous and a sud- 
den silicification. He observes^ (vol. iv. S24.) that no action 
of heat dr watte alone^ can explain the appearances of agateft 
Stalactitical forms^ he thinks^ can only aride from water; 
but the cavities could not be previously existing in a rock 
like trap^ deposited from an aqueous solution. — In othef 
places^ he speaks of the solution of silex in water as a pro^ 
cess still going on^ (p. Z66,), and describes the gradual fiU-^ 
!ng up of fissures in the Glen Tilt limestone with calcareous 
spar^ from an efflorescence to a solid carbonate^ as also 
ii) action at present^ from his finding in the cavities water 
ch^ged with carbonate of lime^ (p. S96.) He also mentions 
in several places a solution of the earthd in water^ as bein]^ 
unquestionably more perfect in Nature than in our labora<^ 
tories. 

Of this last remark^ I can find no experimental proof in 
the whole range of Chemistry. Of what use are our inters 

pretation» 
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the pfinciples above given, and db not contra- 
dict gnjr part of our chemical knowledge of the 

relations 



T -* 



pretation^ of Natiuris by experimmt^ if finding that water 
fiaiB no action in dissolving gold or silver^ and but a minute 
ffae in acting pn silex and clay^ we admits solely to explain 
fKppearances^ that walar dissolvies these fapdies in the large 
scale? In tb« Iceland Geyser, the water, which containa 
foda, find is hot, has (iissolved a liittle sikx,.bat lets piurt ^of 
jtlaU when it cbois./ It Joay alspr be notic^ lluit no one 

i|«nonsefibe4ielaUynof;«a^ ^SMactiticali 

(fDoluianiar, and nutated «bq^, as ftr as eiir presoit knoW'« 
4edge f xtend%^can be and iu^ formed by tbe agency of botfaj, 
'^d4>f course are peculiar to neither, i^ Werner has assert* 
-fA lli<i^^are to^wiiite!r,<by an asserticm-wluidbi may be said to 
(be^abttost^nomfileiwInliwhisUny of fAii ^s o phi gal indiie^ 
^tu--«(Sfte Jameson's Geognosy, p. ^8.) 

On the princiides given in the text, many difficulties, 

whidi have long embarrassed this subject, disappear. Is 

the sdution of silex ascribed to its finer state of division 

in Nature? What proof of this can be brou^t, or what 

.'proof is necessary, since experiments shew us 9 divinbility 

^flner than the senses can f[>&ovr? By njecting hypotheses 

tia kind^ ft tnie ^eoiy of Agates is perhap approached, 

B After 
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relations of mineral? to beat. Tbey ive ef>n6rmr 
^d^ too, by two facts which all analysts menr 
tioli; ;-Hthat the most regular and clear crystal is 
never free from some foreign ingredient ; and that 
a very large share of crystalline minerals contain 
jp^ttpr jnephani(?ally bl^n4e4 through tl^eir sub7 

^tanc^ 



• 
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Albar-iqseatedly examining most ef the agate difis in Seob- 

land^fhrn. Stonehaven to Kinnoul^ the inferences I ha^i^ 

kbawnkre^ (1.) ThatnothiDg in the tnilo'VMi/ jtmctere of the 

^^galea. ix»rs marka of heat, eoloiir.excq[)ted, from which 

4he 8€r0D^«0t ^ooeLnsion ollorigjn is affbnded. . (d.) That this 

. &ct;can be aiNsoeiated with the nature qf the trap rock which 

indosea them. (3.) That the impressions on the. exterior 

flukfitce^ M^hiob ia so, universal a mark^ added ,t|» the conceit 

tat zohfis beii^ always impressed fixvn without inwardly 

and never the co^trary^ .attest that ih^y had existed iii m 

soft Btkiei, previously to their being imbedded^ and'arci ded- 

siveagiunst the ideaof ihfiltratiqn^ sincQ die outesr'oo^ts h44 

first become solid. 

I ou^t to add^ that in . several cases^ in^ these rocks, 1 

iiave found marks of theindosures ihayiiig been fonns^ 

firom the substaiice oft the trap^ as alzeady desoribedi Mtid 

that in diese^ the sur&c^ of the nodule is different fron^ 

that of the Agate-Ball, . : 
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stance to a considers^ble extfnt. How much a»- 
jsistance these ideas give to the explanation of 
petrified organic remains, is too obvious to be 
insisted on. The flint, chalcedony, or limestone, 
have filled the cavities of an echinus or a. cardi- 
um ; they have completely displaced the orga- 
nic substance ; and yet how delicately is every 
pore or line of the shell preserved ! So much 
$0, that no action of heat or solvent powers of 
water can be reconciled to one specimen. On a 
formation of earthy matter in the mode men- 
tioned, the whole is well associated with all 
^h^t we observe. 

Thus the nature of crystallization, whether 
aqueous, igneous, or aeriform, seem^ to depend 
upon a principle of the same kind in all. The 
arrangement of molecules may go on either 
from matter condwsing from the gaseous state; 
or froiQ its being allowed sufficient motions by 
fusion, or from its slower transference by the: 
action of water. We should not expect, on' 
this explanation, to ikid any differences, in the 
fracture of crystals which could allow us to in- 
fer to which mode of formation they owed 

n $ thei^ 
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their origia ;. and afcordingty none have.beci^ 
found. *. 



\ 



With regard to Granite, to which I now^ 
return, one proof of its origin from fusion, haa^ 
been already given* We infer this from that 
separation o£ colours which constantly appeaifa 
in it. Another proof, not so decisive, follows 
from its being unstratified, and of a peculiar 
structure, afterwards detailed under Basalt. 
The phsenomena of granite veins aSbrd a better 
evidence of the action of heat. These arise 
from its substance, and pierce the strata above 

them ; while the latter never send down veins 

. • ' ■ ' '"• " ' 

into the granite f. Every thing here is against 

the 

• ' ', * • ■ " • • 

w* Does'Tii^t the sandstone of Fontainebleau coiiftrm the. 
idto oC^a 4^posit from a small quantity of water? Far, 
^tere^.tJ}^. quartZi in.graips, has disf^ficed llie limestone, 
mope Of lesf perfectly^ and assumed its form. 

•^ See-Mr Playfak^s^IHustrations, 5 82. and § 271.— 287- 

M^i^ir James ^HalVs descadption. of the Veins in the valley of 

r Palnure 



. * 
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the ideas of secrl$tibi¥ lo^xV^tiempiomtieous for- 
matioh^ * For th6's4ic»iari^<b'(^ and^^i)^ 

placed in lopiiy casiss^^ipieceff:' detached B&na 
their substaiice arVftt^ucrnfel^riiufslo wttHiil 
the granite of the ynmi^if&okitt^^*^ in other 
cases marks of an iadisfltinct btendingbf the 
granite and the ^fti^fiied roc)c/ are /observed fn 

. These 



■•- ', 



Pahmre in Gtllaway, of which a model wa» presented by 
him to. die Geological' Soci^y of London;^ (Eclin.*Trani^ 
viK 99.)^ianeiion> in Mm. Soottidi Mm, t^fi^: dMdrib^ 
the vein» at Qarvvp^axe,' m lh0 ^p^y/^—X^id; Webbf S^* 
mour and Mr Playfair; on Glen Tilti Edin. 7w^'!'>vii* 30^ 
and Dr MacCulloch's rebent examination of .the s^me spot^ 
GeoL Trans, iii.^— Granite veins in Killas^ at Table Moun- 
tSiin^ Cape;> ore described by Captain Hall« in Edin. Trans. 
Yii. $73*''^-— -Saussure seems to have been the first who exa^ 
minied granite veins in the Valoisine; Hutfon th^ filrist'lvhb 
dfew inferences. Dr Berger's Wemerian hypothesis is in 
Geol. Trans, i. 147. "the nvmber of ihese descriptions has 
much increased of late years. 

* Seethe drawiJi^ o^ ^ar veuts *€ft- the i Cafie^ £dfai. ''Tr. 
voL VII. supra, • ' • i • 

4 

t In Geol. Trans, in. S4.9.. Mr Horner has described a 

• * 

junction in Salop of granite.and slate,. where tbere is an in;* 

.' • ' 

distinct 
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These are evidentlj eflOicts of an injectioii 
' of liquid substance from bdow. The only cir« 
cum^tance in the ei^lanation of granite veins 
which has appeared to me defective in Mr Play- 
fair's reascHiingy is the as^uinpticfn^ that the rents 
have in all case3 been produced by the liquid 
matter. For in sevetal cases^ like tr^ veins^ 
they traverse the strata with but slight distur- 
bances ; and it may hence be inferred, that 
some of the fissures had been formed by another 
cause. On the theory of a wet paste of gneiss 
. or mica-slate r^stiftg on a heated nucleus of 
granite, fissures would aHsb in the sttatified 
mass, from it's rapid contraction, and these rents 
Would be widest below *. In other situations, 

the 
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distinct blending^ and an appearance of the fragments of 
filate united by a granitic cement 

* At Cool in Ro8s-8hii^> the strato of gndws ccmtain 
many granite veins^ '^ near which^ at the outside curvaturei 
of someof them^ I perceived rents similar to what we might 
expect on bending a flattened mass of day, nearly deprived 

• 

of moisture."^— 'Mr A}lan, in Edin. Trans, til 129« 
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I9i& appeardnces are c^atnly ifi fayour of a &>lc^ 
mation of lite Veins' by iicTUt)tiv^/forc^.. iMufi 
add to thdse .proD&,'t^t'rc<miirmationcW^oh 
arises : framr the ; dose analogy . between gf aiqt^ 
veins, > wbm dykes^ and those dy^es . of* * laya 
whicb X)cemf in the vicinity .of several yolc^ 

: r 'The varying consoiidation of . tte stirata i^ 
suoother proof of the ^ti,Qn of he^t^ r &a: heat, 
JS^tl9g ion extend<^d masses of stratified rpcks, 
I '^hi<fa it does not melt> must be a power; of va- 

xisikh inteilsity ^« Instances of : variable confiio,- 
iidation occur in alin^st every ropk*.. n r 
. The alternation of consolidated and. uncqn;- 
. sqlid^t^d strata still remains to b^ accounted 
for. In the explanation which. I am abput to 
offer^ I only wish to be understood as stating a 

circumstance 



* Here another difference arises between the Huttonian 

hypothesiB and that here advanced. Their granite should 

mdt mitdi of the strata^ because it ads wheti formfing, on 

l^ks de|iosited for ages above it : on theoth^ prineipk, 

-therdcks, as they form in strata, tend to cool the mass> and 

prevent- tfaeiY own fwioni 
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circuinstance which will explain this appetf^ 
ance ; but of which, though it i$ not conti^adii^ 
toiy to any known fact, we have at present no 

« 

other proof but that if assumed it will aflbtd a 
solution. The phaenomena occur frecfuentlf ^ 
rocks of sandstone have layers of loose sand in-* 
terposed ; beds of soft clay appear under beds 
of limestone. Though these appearai»:es are 
rarer in primary than in secondary couiftry, yet 
they are sufficiently obvious in many placchs, to 
have been stated for a century as a remarkabfe 
circumstance in the constitution of the strata. 
When unconsolidated and unworn granitic 
sand, of sharp and angular fragments of felspar^ 
quattZy and tnica, is seen in a quarry of hard 
granite, the appearance cannot fail {o call forth 
the most earnest inquiries *. The explanation 
which may be proposed is at least not inconsist- 

ent 



^ As at Canigall, six miles west from Peterketd, a veia 
of consolidated granite^ bent neatly like an 3» traverses a 
mass of unconsolidated materiab of granite^ of variooa ooi|« 
sislencgr. The granite is white^ and small gnuud* 



etit with the nature of the agent which is siij^ 
posed to have acted. If steam of great elastici- 
ty b!e;sttppps«d to, \fc retained bf compression 
within the, substance of claj or sand, or frag- 
ments of rock& of any kij^^* ^^^ elasticity would 
he a sufiScimit cause for the prevention of the 
consolidation in those ^pots where it was present* 
For no agent can be assigned, which, when 
high^ heated, could convey a greater repukivQ 
power tx) the particles of rocks* Had circurn-^ 
stances allowed^ I should have thought ho sub- 
ject more worthy of an extended' series pf expe- 
riment than this. Such trials, when made, 

* « 

will pr<^ably confirm the above suggestion* 



The waving undulations and bendlngs of 
the strata form a frequent appearance in many 
rocks. Mantle-shaped strata must be waved, 
from their position ; but a greater waving, of- 
ten of the most gigantic, often of the most mi^ 
nute kind, is seen in gneiss, mica-slate, and 
clay-slate. These are interesting, from the 
mechanical forces of which they imply the ace 

tioui 
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I 

tion. The undulated structure of miesL-slate IS 
universal ; it forms one of tlie chatecters oiF the 
tock. The flattening of its . numeroiiS ifielo-' 
sures of quartz, in directions parallel to ftslied^ 

L ' . ... 

affords a s^trong proof of* the action of a com-* 
pressing force. Rockii cintirel^ cryrtalliAe, and 
deposited from solution, ishouliJ, frdm the rapid 
nature of their crystallization, insist a cdnipres'* 

• * 

sing force, as they consolidate* • But sttata itie- 
thanically arranging, n.h& at fifet in the St&te 
of a soft paste, must be subject to the Compres- 
§ion produced by incumbent and lateral m^ssesa 

That this may take place, the experiments of 

* 

Sir JamcsbBall * have shewn satisfactorily. Nd 

other 



♦ On the Convolutions of Strata^ £din. Trans, vii. 79» 
A horizontal pressure^ acting from above^ produces a simple 
curvature ; acting m conjtmction with side pressure^ or 
thrust^ gives rii^ to convoluted folds^ Sir James Hall used 
an instrument fat illustrating these principled oh beds of 
soft clay. A pressiure acting from Mow^ may also be caU- 

edia. 

Mr Playfair, f 204. has^ observed^ that in the grey-wacke 
ef the Berwickshire coast; the eurvattirea are simple, the 

bendings 



other cause pan be found, which atfords an ti^- 
pkhation that agrees better with all the appear- 
ances in nature, ttmay be added, as an addi- 
tional cDnfifmation> that inica-slate and clay- 
slate, the iocks which, from theit nature, are 
most susceptible of compression, ar6 the most 
undulatied among the primary strata. The 
i^ructure of their layers renders it probable that 
a very slight pressure ptoduced their waving 
aspect; or such a pressure as would arise from 
the deposit of successive layers of the rock it^ 
ielfi 



♦ * , 

The last proofs of the igneous origin of 

granite, arise from the density of the globe, and 
the chemical nature of its exterior strata. 

We cannot pendtrate far below the surface 
of our World ; and the deepest nlin^s and exca- 
vations 



bendings being all in one direction^ or round axes that seem 
to be horizontid and parallel to each other. 

Dr Macknight (Went. Trans, i. 291.) ascribes the craving 
«f mioihslate to a cause acting at its formation. 



f • 

Vat ions are iti^ignificant, when compared with a 
radius of nearly four thousand miles. The hum 
est in viscera terra of Ovid will probably long 
remain the dream of a pdet. Even the highest 
mountains, as has been often noticed, b^ar only 
the same proportion to the Earth, as particles of 
dust do. to an artificisli globes Nature has. sub- 
jected to our view what is really useful, either 
to Our GOmfort&ji or to the investigation of the 
truths which are derived from the study of her 
tvorks* While we ai;e deprived, therefore,' here 
of actual observation, the specific gravity of the 
globe has been ascertained by means derived 
from astronomical sciei^ce. This result^ resting 
on the principle suggested by Newton, of the 
deflection of the plummet from the perpendi- 
cular^ in Consequence of the attraction of a 
mountain mass, has given to the earth a mean 
density of nearly twice that of the granitic and 
other rocks which compose its surface, or about 
five times the specific gravity of water *. Hencei 

allowing 

ff ■ .I - II ■■ ■ ' ■ ■ ■■ ■ ■ 

* See Dr Mtuskelyne^ in Philos. Trans, vol. 65. ; and 
Playfidr on Shehallion, Ph. Tr. 1811, 547- The mean den- 

$ity 



allowixig for the waters of the ocean, which co- 
yer three^fourths of its surface, and the lighteip 
^rata, which alone are subjected to our obser-p 
vation, it follows^ that the parts of the earth be*- 
neath these, must be heavier, in order to com- 
pensate for the less dense materials above them. 
A. structure to. a great extent cavernous, is thuii 
excluded. Respecting the interior, we may^^ 
however, infer something more than its densi-r 
ty. Of all the rocks yet obsdrved, gmnite, or 
uni^tratified rocks Uke it,, occupy the lowest or 
innermost situation y but these compact rocks, 
i^iust encircle others far more dense than themr 
selyes. Yet, as we have no kno^wledge of nonr> 
metallic substances ippssessed of a specific gravi- 
ty of more than four or five times that of water, 
it is a^ legitimate inferenge that denser matter, 
and of course the interior of the earth, is of a 

metallic 



^ty he infers from a survey of the rocks^ is 4*7129 Dr 

Hutton of Vl^oolwich gave 4.48 as the mean density. The 
Hon. Mr Cavendish^ from experiments on ai different me« 
ihod^ gave 5.48.. ..Dr TnoksoN^ in hiB excellent History of 
tte boyid Society, p.S54. thinks it probable that it is about 5. 
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metallic nature. This inference is confirmed 

'' '- ' • * ■ 

by the discovery of the metals of thcv alkalies 
and earths by Sii^ H. Davy, and the exte^nsion 
thus given to the. agencies of oxygen. The 
batteries of Volt A, in 1808/ and thq operations 
on a Perthshire mountain, thirty-five years be^ 
Sove^ have united in forming this interesting re* 
suit. No sooner \vere calcium and aluminum 
in the hands of their illustrious discoverer, than 
these ideas of thd nature, of the world arose. 
Wherever we tppk, wd behold around us, in the 
great masses of the -globe, compounds of oxy- 
gen, with metallic baises. These compounds 
must have originated by combustion ; for the 
new metals inflame on admitting water to their 
substance. An explanation of Volcanoes wa$ 
immediately inferred, from the admission of 
water to a. part of the metallic interior. In 
their fires we may read much with regard to 
the origin and progress of the world. 

How well these conclusions agree with those 
views of the nature of rocks, which have beeq 
given above, is sufficiently obvious. It woul4 
lead us^ however, into an approach to the de^ 

fi^ctivo 



\ 
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£sctive reasoning already mentioned, did we at- 
tempt to explain how it. has happened that so 
large, a portion of the crystalline rocks should 
coAsist of three ov four ingredients, quartz, fel- 
spar, mica, hornblende, aggregated in grains, 
and without any visible cement. It may be 
sufficient to state it as an ultimate fact ; and to 
suppose, that as these minerals, than which we 
see none in higher or in lower situations around 
the globe, constitute a large share of its surface, 
they may glso form a no . less remarkable part 
of the interna^ m^ss which is next to them in 
position. That they have been originally fonni>* 
ed by the combinatibn of oxygen with metallic 
bases, is also a probable inference ; and, when 
•originating in this way, heat must have been 
evolved. Since most of the primary rooks, aiid 
granite itself, offer only fragments pf crystals ;— 
since there are examples of recomposed granite 
in every gneiss rock;^ — ^and since the occur- 
rence of granites, having much of their mass 
perfectly crystallized, is not very common j \t 
paig^tPPt: be , iiijgvaper also ,to ipfer, that even 
i^p jq^a^ifimis fqf gxaaite>b^, existed in anoth^^ 
• J state. 



•^ / 
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state, before they received their, present av* 
rangemeut. The first, st^te of its fbnnatioi^ 
inay not h^ve tieen in fiagmenta of crystals, 
!!rhis inference, Howeyfir, it is not xie^ss^ry to 
draw : \t is sijifficient to shew, that in its last or 
|>fesent arraqgemeiitf /gmnite prefi^nt^ t)ie ef- 
(fect^ of hjeat '^. 

We 



* The subject of the Figurq of the E^i^, is becomiiii;: 
more and more comiected with Qeolqgical Science. It i$ 
probable, that the varying density of the rocki, and the ia^. 
fqvalitiea of the Aulace^ ftomtha presence of mountains^ 
l^y prodv^c^ig ixr^gulanti^ in thu dire^en of the phittimet 
in particular spots, give rise, to thpse differences of results 
which have beeix now observed in the mensuration of archesi 
of the meridian, made with the most perfect instrum^tSi 
and conducted with the greatest skill* 

Mr Playlair (N^- Fhilos. ii. 305.) denies Ae Avidity of 
the Earth as i^ cmise of its spheroidal form, from c^ir havi^ 
no evidence of the action of wfiter, excepting in transport- 
ing and. depositing the fragment^ ^nd detritus of solid bo- 
dies; « partial and local action^ and 0iere|bre insufficient 
Co accoimt for the spheroidal shape. 

But may not that degree of fluidity which arises fiom 
the tamm of a large psrtof O^ superfieial stntoe^ a ai^€(c;» 

b^ 
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We have now arrived at the conclasion, 
that all the stratified rocks were not formed 

from 



j.«. 



be a sufficient cause far the foim of a spheroid of equHibrinni^ 
Vith^ut resorting to the hypothesis which he has given ?---- 
This supposition is> that in a terraqueous body^ of any shape^ 
if the prominences be worn down^ and the debris be carried 
to the lower parts occupied by water, where they acquire a 
horizontal stratification, and are afterwards consolidated it)- 
to ston^, such a body, in the course of ages, must acquire -a 
isurfaee i^y^ry where at right angles to the direction of gtsh , 
vhy, and consequently more or less approximating to a sp]ve« 
rmd of eqttilibriunb 

The whole subject deserves to be eiumined vaare accu- 
rately, with regard to the extent of depth and direction of 
strata. The observations which Mr Pla3rfair has adduced, 
to shew that a large depth of the surface of the globe is in 
some spots exposed to our observation, are not sufficiently 
audienlleated, and I have met with non^ others. ExampJbs 
€^ very extended and ocmtinuous strata, of uniform dip, 
would assist much in the solution of this problem; 

La Plac£j^ in a late memoir, has inferred, firom the beiit 
•experiments yet made on the length of the seconds' pendu* 
Jhtfn, in diffwent latitudes, that the increase of graviUition 
* ». . '. ' . from 
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from the waste of a fonner world like the ptt^ 
sent, but arose from rocks like our present un* 
stratified granites. When formed by a rapid 
degradation, the heat remaining in the central 
mass would consolidate them, as thej fell down 
in strata from a mechanical suspension in wa- 
ter. Water exists in all the strata ; but it can 
neither dissolve nor consolidate them. — rA great 
simplicity is thus introduced into our ideas of 
the structure of the world. Granite still re- 
mains the oldest rock which is exposed to our 
observation. No strata can be termed, with 
propriety, chemical, granite and unstratified 
rocks excepted, in which no mechanical ves- 
tiges are seen. As the primary strata all had 
their origin from granite, so the train of secon- 
dary 



from the equator to the poles^ fcdlows the kw which thecny 
points out as the most simple; and hence he conceives^ that 
the density of the layers of which the mass of the eartih con- 
sists^ must augment regularly from the surface to the centre. 
From this condition^ he infers the original fluidity of the 
whole mass of the planet ; a state which^ according to Um^^ 
nothing but heat could produce on it- 
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dary deposits would ari^e^. in the saine manner^ 
either from a degradation of the granite carried 
to a greater extent^ or from the disintegration 
of the primary strata, as^ they formed. — ^No Uni- 
versal Formations, in the exaclr sense affixed to 
that term by Werner, would exists ; but as all 
the low land has arisen from the descent of ma^ 
terials from mountain chains of granite, this 
would supply such an uniformity of character 
as we find in the present strata, without pre- 
senting' deposits perfectly uninterrupted. While 

the 

* Werner accpunts, by axtensive d^gtsdistipoAj (mr di< 
absence of many of the primary strata On {»4l?tici}lar. ^pot8» 

In a country like Sweden^ #hich> according to Dt Thou^ 
iim>^ 18 comt>o8ed chiefly of gneiss^ occaaioniBUy containing 
beds of granite, (Travels in Swedenj 5S.) tiie fcNrmakion cS 
such extensive strata of stratified granite and of gneiss, only 
differii^finom it in a slaty texture, may be supposed to have 
taken place by a rapid and extenaive diaiategration of gr^ 
nite i^aountains. Thick sla^ beds, ai^roaching granite/ 
Would indicate a more rapid depositof their materials, than 
strata of gneiss, in wliich the same materials occur in the 
slaty form* 

In Mount Ro^, granite and gneiss alternate, in bads 
tiearly horiaontal, (Saussure, § 2133.) 

i2 
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the materials nearest to the granite formed mati^ 
tie- shaped beds around it, the rest, farther re-^ 
moved, and falliiig more slowly, would exhibit 
a considerable regularity in their direction, in 
consequence of the slrrangement impressed up« 
on them by the rotation of the globe. This di- 
rection would become the more regular^ ■ the 
more secondary the deposit, till extended tracts 
of land gradually arose *i The action of the 

retiring 



* It would be remarkable if traces of a theory so simple 
as here given, were not found in former geological writers. 
My reading has niot, however, 6up)>lied me with many. 
Ferber and Pallas, observing appearances of granitic masses 
and shistus passing into each other in the Russian moun- 
tains, supposed that gneiss, micarslate, and day^slate, were 
formed firom the detritus of granite, (Jameson^ Min^ of 
Scottish Isled> i. 166.) I am not acquainted with the nature 
of the proofs which they employed. — ^The next geolo^st 
who has made approaches to these ideas of the origin of 
the stratified rocks, is Dr MacCullodi, in the papers on 
quartz rock, &c. which he has given to the Geological So« 
dety. From his carefiil examination of it, (voL n. 464. 
...and voL iv. p. 266.) he has inferred its nature as being 
partly chemical^ partly mechanical, and he has insisted tbat 

appearanoeff 
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retiring waters would form the valleys^ and mo- 
del the whole of the surface ; and large trans- 
portations 



appearances indicate a consequent mechanical nature in 
j mica^-slate. It is to be lamented^ that so able an observer 

1 as Dr MacCulloch> has not generalized more.-— In Thorn- 

I ton's Annals^ vol. vii. p. 867- Mr Weaver, M. R. I. A. is said 

\ to have read in March 1816 a paper to the Geological So« 

ciety, in which, frosxL the writings of Saussiuv and Von 
Buch, he infers unequivocal proofs of a mechanical struc- 
ture in all the primary rocks, which he wishes to refo to 
the Transition class. He is also of opinion, that all the over- 
lying formations of granite, porphyry, syenite, and trap, 
belong to ^e newest floetz-trap of Werner. This paper I 
have not seen, nor any other account of but the above 
notice. 
. Perhaps I may be allowed to mention, that my own ob- 

' lervations commenced in 181 1, though three years before, 

when I had the first opportunity p^ s^ing mica and day 
slates on the large scale, at Ben Lomond and Lu9s, I had 
been much struck with their general aspect, so different 
irom what the W^rnerian Geognosy had taught me to ex- 
pect in chemical deposits. Observations made in several 
tours through a great part of Scotland, led me, in 1813, to 
the formation of most of the views contained in these pages ; 
ai^d having never adopted the Huttonian or Wemerian theo- 

• rie^ 
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portations of materials^ by the same causc^ 
would give rise to appearances which are seen 
abundantly in all countries at the present day. 

I 



ries^ I had always mentioned^ in tbe annual courses of lec- 
tured which I have' given on Mineralogy and Geology since 
•1811^ marks of a mechanidal structure in all the primary 
xock6.-«-More extended joiumeys were made annually till the 
«nd of 18161, when other avocations prevented^ till lately, all 
.attention to this subject The reader, if he has carried his 
books to the mountains, and observed for himself, must have 
felt some diffidence iii stating opinions opposed to those of 
names great and venerated. When I found that no tiiebry 
jcould explain the nature of the relation which gneiss bears 
tto granite, or the worn nodules in.mica^slate, it was* surely 
necessary to inquire and observe. I shall never despair of 
a true theory of the world; and I wish all that I have stated 
in this letter only to be consideri^ as a contribution towards 
that end. 
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I now proceed to collect the proofs of ori- 
gin affi)rded by the important series of rocks 
denominated^ in general terms, Basalt and 
Tkap. In the system of Wzrker, they receive 
the name of the Newest Floetz-Trap Fprma'^ 
Hon ^, The name of trap has been given to 
them from the appearance of steps observed in 
most countries where they occur; the word 
in Swedish signifying a stair. They have also 
received the name of whin ; — a word peculiar 
to the south of Scotland, but now generally in- 
troduced into Mineralogy from the use made 
of it in the writings of Dr £(utton, and other 
authors. 

To Werner, as usual, we owe tl^e most ac- 
curate distinctions of the rocks of this class. 

The 



tmrnt 



* Floets-trapp Gebirgf , Wem^. See Jvawjfn, (Ho^ 
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The chief of them are Basalt^ properly so call- 
ed ; Wacka ; greenstone^ an aggregate of felspar 
and hornblende 4 cUjAstone^ and trap-tufa ^ : 
Pitchstone, amygdaloid, compact felspar, clay- 
stone, iron ochre, and other rocks accompany- 
ing these* 

The passages of all these rocks into each 
otheE, h^ve beep well traced by many pbscir- 
vcrs. , 

So important an^ Qumecous ^re the rela- 
tions 6f^ granite and trap, that they ^one, when 

well 



* We ought to add to this list many portions of Syenite 
and Granite^ which^ from their positions^ have been deno* 
minated netVy and which are Intimately associated with these 
traps. To do this^ however^ in the present stage of the in- 
quiry> is not necessary, and might produce too great a com« 
plication. 

' .Sokne.diliculty also Bxif», front a caioplfte.waQt of terms 
,ip -digtipguish i^nstratified f^m stratified traps.: In the pii* 
niary rocks, a stratified granite is expressed by gneiss; but 
here nomenclature is silent. Excepting where it is other- 
"Wise mentioned; it will be understood, that, tmder the po- 
pular terms of Basalt md Trap> I expresa tbe i^holp series 
of unstratified rocks of this dass. 
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well understood, will supply us with the true 
key of the formation of the world. Both con- 
stitute two gresit formations^ and exhibit two 
different aqras. Both are intimately related^ 
In Great Britain and Ireland, we are supplied 
with the best opportunities of examining both ; 
and the proofs which have been given of the 
origin of the one, will assist us in explaining 
that of the other. I shall state all that has oc*> 
curred to me, either from the observations of 
others^ or my own. 



1. As far as colour is concerned, all the 
remarks and experiments formerly mentioned, 
will apply to basaltic rocks. Many greenstones, 
like that of Fairhead in Antrim, are on a larger 
scale of grain than many granites, and have of» 
ten as well defined separation of colours in the 
crystalline fragments of which they are comr 
posed *• 

2. In 



* In some of these rocks^ the colours of the felspar are 
^pkt 80* well defined as in granite; and had my observations 

been 
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2. In their nature of substance we find in 
the trap rocks the same general constituents at 
in the primary granite. Felspar is the predo- 
minating ingredient in them all, if we can de* 
pend upon the transitions which connect them 
so intimately. Greenstone, which is the prin« 
cipal trap, consists of fragments of felspar and 
hornblende, often as crystalline as in any gra- 
nite. It connects, on the one hand, with sye- 
nites and syenitic greenstones, and granite ; and, 
on the other, with the basalts of the finest and 
most impalpable grain **• These transitions arc 

often 

been more complete than they are^ an obvious inference 
anight have been drawn from this circumstance. 

♦ " Certain varieties approach to wacke," Jameson^ 
Geognosy, 194. 

*' Grey stone passes into b'asalt/' ib. I90. 

'^ Clinkstone-porphyry passes^ on the one hand^ into 
oompact felspar and claystone^ and on the other into pitdi^ 
«tone and basalt/ ib. 191* 

'^ Clay passes into wacke; the wacke into basalt; th^ 

hmX% 
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often made with a rapidity which all who view 
a trap country have observed, and of which the 
primary strata afford few examples. 

Should these transitions,, which are so well 
marked in nature, and have been so well de- 
scribed by the Wernerian Geognosy, be denied^ 
we find another proof in the nature of the che- 
mical analysis of the trap rocks which are of 
uniform grain and aspect. One exception only 
appears* Wacke and basalt, on analysis, ap- 
proach near to felspar and clay-slate, and con- 
tain all the ingredients of these rocks, with this 
difference, that the alkali in the traps is soda^ 
ip^^hile in the granite it is potash*. 

In 



basalt into greenstone; and this latter into greystone and 
porphyry-slate/* ib. 197. 

All authors allow an imperceptible passage from green-* 
stone to basalt 

* Basalt of Staffa, SUex 48. Alumina l€. Lime 9* Iron 1& 
Soda 4. Water 5. (Kennedy.) with 1. Muriatic add. 

Basalt of Hassenberg, Silex 44,5, Alumina 16.75, Lime 9.5, 
Magnesia 2.25, Iron 20. Soda 2.6, Water 2* imsl a trace 
of Mang^ese, (Klaproth.) 

Basalt Tufa of Calton HiU, Siles: 50. Alumina 18^ lW 5. 

Iroa 
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In this mode^ when, from the fineness of 
grain and structure, the external characters of 
minerals cannot be employed, we approach to 
the nature of the rock by a knowledge of its 
chemical ingredients. 

We may infer, therefore, from this rela- 
tion, a common origin to all the unstratified 
rocks. 



8. The resemblance between granitic and 
basaltic rocks has been remarked by many wri* 
^ers ; and I shall mention, as briefly as possible^ 

those 



Iron 16.75, Soda 4. Muriatic acid 1. CKc»ncdt/J. 

Crreenstone of Salisbury Crag, Silex 46. Alumina 19* 

Lime 8. Iron 17- Soda 3,5, Water 4. Muriatic acid 1. 

CKennedyJ. 
Clinkstone of Donnersberg, Silex S7.2$, Alumina 23.5^ 

Liine 2.75, Iron 3:25, Soda 1.10, Water 3. Manga- 

nese S5, (Klaproth). 

Clinkstone of Auvergne, Silex 58. Alumina 24.5, LimeS.5« 
Iron 4.5, Soda 6. Water 2. (Bergman), 

Allan's TMu. 
The pxesenoe of Bodseoimects these rock^idtfatheoqesn. 
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those circumstances in which they agree and id 
which they differ. 

Felspar is the chief ingredient in both, 
when both are crystalline in structure. 

Hornblende and iron increase in quantity 
in traps as the crystalline structure becomes 
smaller^ and the rock approaches to a homoge- 
neous mineral *• 

The absence or small quantity of quartz is 
the chief distinction between granites and 
trapsf . 

The soda of the latter rocks is another dif- 
ference between them and the former. 

The 
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* It would be interesting to analyze the' felspars of trap 
focks^ and discover if their alkali be the same with that of 
^anites. 

t The Cr^ of Ailsa has regular columns of a rock of 
much white felspar> quartz and hornblende^ exactly be- 
tween a true granite and a greenstone. — Dr MacCulloch^ in 
Geol. Trans, ii. 422. 

A prismatic form appears in the granite of. Arran, De- 
ron, and Cornwall. 

The inference which may be drawn as to origin, from 
the small quantity of quartz in traps, is obvious. 
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The structure of granite and basalt, as fair 
tLs we can infer from the appearances on decoiti- 
position, is the same. Both occur, when unstra- 
tified, in distinct concretions. These always 
include a harder central mass^ and the distinte- 
gration proceeds in regular layers, which arc 
concentric. The globular concretions of gfa- 
nite, and the decomposing spheres of basal- 
tic rocks, exhibit a perfect similarity to each 
other*. Granite also sometimes presents co- 
lumnar aspects. 

The general aspect of these unstratified 

rocks 



* ProfessoK' Jameson's description of globular distinct 
Concretions of granite, applies perfectly to many basalts : 
*^ These concretions are composed of curved lamellar con-^ 
cretions, and always include a harder central mass. The 
spaces between these globular concretions arfe filled with 
granite possessing less solidity, and which decays readily^ 
and thus leaves the harder central masses heaped on each 
other, cor strewed about" — Geognosy, p. 105. He mentions 
globular and concentric lamellar as among the forms of Ba- 
salt, p. 187*— "See Dr MacCulloch on the Granite Tors in 
Cornwall, in GeoL Trans, ii. 67. 
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jrocks is tke sarnie. Bbth forin hxgt mural pti^^ 
cipiceSy often of great elevation f « > 

Both, classes of rocks fprm dykes, or veins 
in the strata above them* Those of granite pe- 
netrate the shistus and other rocks above it; 
those of basalt pierce through all the rocks above 

them. 



t These precipices exhibit often a N^E. and Eastern as«> 
pect; as at the Cave Hill^ near Belfast; Ben Nevis; and 
Glencoe. On Fa^head^ the resemblance of the rock to that 
of a primary granite, in general aspect, is very considerable : 
the rents, wearing, &c. are so similar. The trap rock of 
the Cuchullin mountains in Sky^ connects intimately with 
its syenitic rocks ; and Dr MacCulloch thinks them parts 
of one irregular mass, (Geol. Trans, in. 54.) from the finest 
grained black basalt of Talisker, sometimes columnar, (57.) 
to the perfect form, structure, and aspect of granite, (63.) 
and a rock perfectly granitic, (73.) Mr Playfair has traced 
similar appearances.--- In the coimty of Antrim, a pitchstone 
porphyry covers a considerable space in the midst of thie 
trap country ; and the observations of Mr Griffiths of Dub« 
lin tend to connect it with the iron-clay of the Causeway. 
Berger has described it minutely, GeoL Trans^. in. 190.-*-Dr 
Muxzay mentions whin or trap as a rock into which granite 
insensibly graduates, (CQmpfl&*ative View of the Huttonian 

• and 
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them, and through granite itself. From the last 
circumstance we may infer, that dykes of whin 
t^re of later origin than those of granite *. 

Pitchstone is a mineral intimately connect* 
ed with basalt, which occurs in granite f • 

Graiiite 



and Neptunian Theories of the Earthy p. 243.) The remarks 
of Dr MacCulloch^ in Geol. Trans: iii. 52. are full of infor- 
mation on this subject. 

Dr Beddoes^ Ph. Tr. 1791- nas a paper on the identity of 
granite and basalt ; but the advance of science has irendered 
his observations of little value. 

It is to be understood^ that all the circumstaiices inen^ 
tioned in the text> are not intended to prove the identity of 
graiiite and basalt^ but their relations only. There are many 
differences between them. 

• In Cruachan in Argyleshire, veins of porphyry traverse 
the granite and shistus of the mountain ; and basaltic veins^ 
passing into the same porphyry^ accompany them. — (Dr 
MacCulloch> in (jeol. Trans, iv. 121.) 

t Pitchstone veins traverse granite iii Arran^ and basalt 
in Eigg. Dr MacCullbch found pitchstone in the granite 
on the summit of Camgdrm....(Jam. Mineralogy^ i. p. 2790 

There is a vein of pitchstone traversing a granite (syenite) 
at Newry in* Ireland: it has been described by Dr Fittcm, 
Geol. Tr. i. 278 ; it is about 2^ feet wide^ and is seen for 
half a mile. 
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JGrfai^ite sometimes aflfects the needle, as in 
the Hartz, on Goatfield in Arran, on Cruachan 
in Argylcshire, &c. * Dr MacCulloch found 
tmp affecting the needle on the summit c^ 
Mount Glamich, in Sky f . - 



4. The connexion between basaltic rocks 
and lavas is not less obvious than with granite. 

Analysis exhibits a great correspondence 
in nature ; and both contain soda. A proof of 
this kind can only be, however, considered in 
relation to other proofs ; for very fierw of th^ nu- 
merous varieties of basalts and lava have yet 
been analysed. 

The fracture and aspect of many lavas is 
the same with that of many fine grained ba- 
salts, 

K Trap 



. Ill ■ ■■ ■■ — 



* Dr MacCulloeh> Geol. Trans, n. 430. 

t This has been long noticed in various spots. See 
Geol. Trans, ni. 95. 
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Trap rocks occur constantly in volcanic 
districts *. 

In the soils which both rqcks afford by de- 
composition^ a great resemblance has been tra- 
ced f . 

Great cavities occur in lava, and in basal* 
tic tracts :j:. 

Most lavas are porphyritic or inclose other 
minerals ; and many traps are so. 

The minerals inclosed are nearly the same, 

in both classes of rocks ||. 

Very 



* So uniyersally^diatWenier founded his singular thecny 
of Volcanoes upon their presence.— Jameson's Geognosy^ 
p. 219. Porphyritic clinkstone^ greenstone^ &c abound in 
Iceland.— <Sir George Mackenzie's Travels^ p. S71. 

f The soil of a trap country has been well described by 
Dr MacCu)loch^ GeoL Trans, in, 10. 

j: Van Troil mentions great cavities in Iceland^ in lava. 
— ^Letters, p. 234. Caves are abundant in trap countries. 
Ferber^ Letters from Italy^ p. 1S% gives a particular de« 
scription of a cavity in the lava of Vesuvius of 1770. 

II The Causeway basalt incloses quartz^ calcareous-spar^ 
■xragonite^ chalcedony^ semi-opal^ olivin^ green earthy stea- 
tite. 
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Very obvious mad&d. of heat occur in lavas 
and in basalts, from changes of colour in the 

, oxide 



tite^ analcime^ chabasie^ mesotype^ and stillbite. The iron«» 
clay of this coast contains the same minerals. Of these sub«. 
stances^ quartz and calcareous-spar are common to all classes 
of rocks ; but all the rest are volcanic. Chalcedony is pecu- 
liarly one ; as in Tenerifle. — (See the Hon. Mr Bennef s de^ 
scriptipn of that volcano^ in Geol. Trans, ii. 2890 ^ ^^d so 
in Iceland. 

Zeolite occurs in lava in TenerifTe. 

Thft promontory of Fairhei^ is a greenstone containing 
augUe, according to Dr Berger^ Geol. Tr. iii. 184. Specu- 
lar or. oligifite iron occiu-s in lavas> as in that of the last 
eruption of Vesuviu9 in. December 1817> (Journal of R. I. 
N^ 10. p. 201.) ; an^ I observ^ it lining the cavities off 
trap in. Isle Muck;^ on the Antrim coast--^livin is a very 
constant product of lavas. The appearance of Chalcedony 
is sometimes exactly like that of small spheres in a lava, as 
in specimens from Faroe and Iceland, (see Mr Allan's de- 
tails in Edin. Trans, vii. 257.) Minerals incapable of so« 
lution in our liquids are found connected' with trap rocks ; 
as threads of native copper crystallised in mesotype, some 
of the sprays of metal forming the nuclei of the radii of me« 
sotype ip amygdaloid in Faroe.-^(Allan, Edin. Tr. vil 836.) 

k2 
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Otide of iron which they contain, to a bright 

■ • • * 

brown or reddish hue *. 

Vitreous coatings occur in the sides of whin 
dykes in Faroe, Iceland, &c. f 

The glassy felspar of porphyritic lavas iar 
often changed to a substance like enamel, the 
same which is formed by the fusion of the spar. 
In pitchstone a" similar change has been describ- 

edt 

Lav^s 



f^^n^mi^tmnm 



* The effect of heat and air in altering the iron 'oxide in 
rocks which contain it in abundance, is well known, and 
arises from an evident change of the quantity of oxygen 
combined with the metal. I have traced much of this ap- 
pearance in basaltic country : thus^ at Portrush^ the whole 
of the upper layer of trap^ for three inches of thickness^ in 
a quarry adjoining the celebrated shell rock^ is of a brown 
tinge. In other situations^ t have compared specimens of 
the same rock altered by artificial heat^ With those changed 
by natural processes and by weatherings and have no doubt 
of the action of heat and air in mdny cases of this kind. 

t Sir G. Mackenzie observed a vitreous coating on the 
sides of whin-dykes in Farpe and Iceland.— -Edin. Trans. 
¥11. 224. 

J By Dr MacCulloch, in Geol. Trans, iii. 94. In Sky, 
the small grains in the pitclistone contain a whitish enamel; 

and 
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Lavas often exhibit distinct columnar ap- 
pearances, like basalts ; and this adds an import-^ 
ant link to the evidence, because the same trap 
rocks occur in their own and in volcanic dis- 
tricts in both columnar and other forms ^. 

Lavas frequently form dykes possessed of a 
very great resemblance to whin dykes f, and 
thus are connected with granite. 

Pitchstone 



and the layer grains in larger cavities of the same rock^ have 
lliis enamel only at the surface^ while the glassy felspar is 
perfect in the centre. 

* Dolomieu, (Etn% p. 456.) enumerates many examples 
of basaltic columns in the Lipari Islands^ and in Sicily. 
Daubuisson acknowledged the igneous origin of the Basalts 
of Auvergne^ after visiting them. Mr Bennet found ranges 
4)1 columnar lava in Madeira, (GeoL Trans, i. 395.) and co- 
lumns of lava in a dyke^ at right angles to the strata. 

In the eruption of Vesuvius in December 1817> " the 
recent lava assumed the aspect of basaltic colimms."-^ 
Signor MonticeUfs report, in Joum. of Science^ N* 10. 
p. 201. 

f A dyke in lava^ is drawn in one of Sir W. Hamilton's 
iplates, in the Campi Phkgrcn. Mr Graydon has described 

the 
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Pitchstone is a mineral common to coun- 
tries of both rocks *. 

Lavas sometimes present an uneven surface 
of a crimpled aspect, from their motion as vi«^ 
cid fluids ; and beds of amygdaloid have been 
found offering the sattie aspect f . 

Sir James Hall'^ experiments shewed, that 
the stony character of basalt was no objection 
to its having been formed by heat ; since though 
traps melt easily into glasses, yet by slow cool* 
ing a stony aspect appears always in the mass, 
and the glassy character entirely disappears !(.: 

These 

the dykes of Somnm^ near Vesuvius, in Geol. Tr. iii. 233.— 
They are evidently fissures, or cracks of the hill from top 
to bottom, into which a different kind of lava has flowed, 

« 

homogeneous, compact, and often presenting columnar ap« 
pearances.—- ^Hardened jaspers, and other clays, occur in 
volcanic and trap countries, near the dykes. 

* See above,. . 

t Sir G. Mackenzie noticed this singuliir fact in the 
lonygdaloid beds of Farce.— -£din. Trans, vii. 221.-*^--See 
also his remarks on lava and trap. Travels in Iceland, p. 360« 

J Edin. Trans, vol. v. p. 44. ^ 

Mr Watt melted seven hundred weight of basalt^ and 
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These are the principal marks of resem- 
blance between these two important classes of 
rocks. 



5. Basaltic rocks are seldom stratified, 
when observed on the largest scale. The same 
remarks which apply to the stratification of 
granite, have a close relation to them. Their 
most common character is a disposition in dis- 
tinct concretions, colmnnar, tabular, globular, 
and concentric lamellar ^. This connects them 
with granite. 



6. Since all these unstratified rocks possess 
to many relations in common, I shall next in- 
quire 



■ri* 



has accounted well why all the characters of the original 
Vock do not appear after fusion.— •Phil. Trans. 1804^ p. 296» 

4*, Jameson's Geognosy, p. 187* 
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quire into what is known with regard to the 
structure of their substance. 

The globular form is evident from the de- 
composition of matly basalti<: masses in concen- 
tric lamellae, like granite, but more distinctly- 
itiarked. 

The columnar structure varies consider- 
ably in distinctness and size^ Basaltic columns 
are of all sizes, from a quarter of an inch to 
twelve and fifteen feet in diameter ; and from 
an inch to upwards of two h^uidred feet in 

* 

height. The largest columns, in general, have 
fewest joints. A gradation of grain appears to 
accompany their structure, the largest columns^ 
like those of Fairhead, possessing the largest 
and most crystalline grain ; the smaller, like 
those of the Giant's Causeway, having the most 
compact and uniform texture *. The absence 

of 



* Berger has noticed this of dykes^ Geol. Trans, in. 
228. 

The most compact, hard^ and sonorous trap> is that dP 
the pillars of the Causeway itself^ and those of a small cch 

lomiade 
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of inclosed minerals, and the consequent homo- 
geneity of texture, render the basalt more apt 
to assume the columnar aspect, and give a 
greater precision to the joints into which the 
columns divide ^. 

That these columns are not true crystals, 
has been long known ; and that they are not, 
indeed, crystals at all, may be inferred from 
their irregularity of form, and from their not 
being divisible in the method of Haiit. — ^The 
best views of the Causeway have long exhibit* 
ed the principal appearances connected with 
the joints. They represent, too, the convex 

and 



loDiuide at Cnughii]liiu:> about two mfles from it There, too» 
the jointa are of the greatest regularity yet known. No 
indosures appear, excepting a few traces of steatite. 

* " Basalt passes into greenstone, in the most impercep- 
tible manner : in the first stage, the felspar exists under the 
form of short, scaly parts, either white or greenish ; the 
texture becomes more finely granular and crystalline; the 
fracture in the great is not into flat conchoidal pieces, but 
more usually into irregular and blunted fragments/'-^^Dr 
Beiger^ Geol. Tr. iii. 184. 
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and concave surfaces which each joint possessef, 
and their great equality in thickness "^^ The 
nuitiber of convex and concave surfaces visible 
to the eye, in twenty thousand columns, which 
constitute the mole or pier, appears to be as 
nearly equal as that organ qan estimate. No 
column is without joints. AU exhibit some 
marks of shrinking. I observed one column of 
nine, severatof four sides, and the pretty exact 
pentagonal one. Six-sided columns are the 
most common ; but the general or first impres- 
sion is, that of a far greater regularity than an 
accurate inspection afterwards justifies. 

On the eastern side of the mole, the co- 
lumns become a little larger j in the middle, 
and on the western side, they are most uniform. 
Oh the whole, the eastern side has less unifor-^ 
mity, and the joints are more frequently and ir- 
regularly 



•j^^ 



* The two prints, by Vivaies, 1 744, firom drawings, by Mrd 
l[>Tury, still exhibit the most accurate views of the Cause- 
way itself. The loqsgkB which I have seen^ are published 
by Boydell, 1777* 
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tcgoi&tly cracked*. — ^A few joints have both 
surfaces convex or concave.— -It does not ap- 
pear that any thing as to their formation can 
be inferred from their dividing with either sur- 
£ace uppermost, or from their position ; since 
columns appear in all positions from horizontal 
to vertical in many countries, without exhibit- 
ing marks of shifting f . 

We 



* All these remarks refer to the Mole of the Causeway 
ItseU^ or rathen to the three divisions into which the pier is 
separated.— -•From numerous observations^ it appeared to me 
that the basalt on the west side was of the finest gram. 

f I have not seen columns dividing below into smaller 
ones of the same formation^ though their division into such 
ubove, is one of the most common appearances in basaltic 
colonn^es ; as in Port Noffer ; above the entrance of the 
Cave of Fingal^ and in many other places. This drcum* 
stance deserves attentioti.*-^! join Dr MacCuUoch in re^i 
markings that StafTa has been much exaggerated in height; 
and I have seen no engraving of it whieh makes any ap- 
proach to mineralogical^ and -scarcely to geaeaeal accuracy. 
•—The Causeway has been drawn with great truth and pre- 
cision by Mrs Druxy, by Mr Hamilton^ by the arti9t em« 

jployed 
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We are therefore left to examine the joints 
themselves ; and here any observer cannot fail 
to notice, that his hammer detaches in the.di-* 
rection of the sides of the column, large splin* 
ters, in which portions of spherical forms are 
discernible. 

On examining farther, a radiation from a 
centre is seen in each joint, proceeding towards 
the sides and angles ; and this is most percepti- 
ble, when weathering or incipient decomposi- 
tion begins to display the structure of the stone. 
This radiation may be distinctly traced in all' 
the columns of the coast ; and is more evident 
in the joints at Bengore than in the smaller and 
more perfect joints of the Causeway. 

On carrying the dissection farther, the tri- 
angular projections, or spurs, as they have been 
called, separate by slight blows from the joints ; 
for they are only attached by a slight connec- 
tion ; and a perfect contact of rock is made on-* 



ployed by the late Bishop of Deny; and more lately> the 
Admirable drawings of the last person have been corrected 
and e^rtended by Mr Griffiths of Dublin. 
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ly on one small point, While a smooth, and of* 
ten shining sur&ce, of a rounded form, is pre- 
sented over the rest of the contact. 

On carrying the hammer round the sides 
of each joint, and impressing blows where the 
radiated structure of the inclosed spheroid ap- 
pears to terminate, other angular pieces may be 
detaobed, and a spherical surface remain around 
the whole of the joint. This is accomplished 
more easily, and in greater perfection, on the 
concave surfaces ; but it can also be done on 
the convex ones. 

It may thus be seen, that each joint con- 
sists of a spheroidal nucleus, occupying a great- 
er part of its mass, ^nd of matter more loosely 
attached, constituting the prismatic form ; and 
that compression arising. from the mass, would 
account for the appearance of a columnar struc^ 
ture originating from an assemblage of sphe- 
roids*. 

The 



* Dr Richardson> in Irish Trans, vol. x. 1806, gives pretty 
good views of the joints^ though the appearance of theii* 

$pur$ 
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The basalt of the joints is thus intimatelj 
connected with that of a coarser grain, which 
decomposes, like granite, in concentric layers. 
The whole series is thus related in a structure, 
of which, however, we shall find other proofs. 

It has been long observed, that where the 
basaltic rock presents numerous inclosures of 
other minerals, or becomes amygdaloidal in 
structure, the prismatic forms disappear *, The 
nature of the rock always changes with the 

perfect 



spurs is exaggerated : he gives weathered axid fresh aspects 
of the columns^ but never hints at a structure tvithtn the 
joint. On the other hand^ p. 104. he carefully distinguishes 
the onion or concentric basalt from that of the columns. 
^' I have not been able to discover subordinate f<»rms^ oe 
an internal construction, in any of these basalts/'— -(columnary 
irregular prismatic^ or tabular)^ p. 103.~-In Mrs Drury's 
prints^ (published 1777 by Boydell), the spheroids inclosed 
in the joints are distinctly delineated and described. 

* Raspe makes this remark in 1777> On German Vcitca* 
noes, p. 7^* — So in Staifa^ Dr MacCullocfa^ Geol* Trans, ii. 
504. where^ like him^ I found no zeolites in the most per- 
jB^ct and dense columns* 
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perfect or imperfect state of columnar 5truc« 
ture. This fact connects the nature of the 
rock with the appearances of its structures 
and it may be inferred that the two are closely 
united; The perfection of structure at the 
Causeway and Craghulliar ^ must thus be con- 
nected with the homogeneous nature of the 
stone of these columns. Now^ glass^ which is 
an uniform substance, presents columnar ap- 
pearances, if it be cooled rapidly ; it has only a 
vitreous texture when cooled slowly in the 
annealing process. The texture of the drops 
known by the name of Prince Rupert, was first 
imperfectly traced by Hooke in his Microgra- 
phiaf. The late researches of Dr Brewster on 
light f, which have given rise to an entirely 

new 



* There ia an imperfect drawing of this spot in Dubour-> 
dieu's Survey of die County of Antrim^ voL.ii. 

t P. 33. He remarks^ that ^* the larger fragments are 
prettily branched." 

:|: See Phllos. Trans. 1814, p. 436. and 1815, p. 5. where 
a threefold cleavage of the drops is described. Slow cool- 
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new branch of science, shew us that these drops 
have the satne powers with other crystalline 
bodies in polarising light. When dissected^ 
they present a structure entirely crystalline. 
Fibres, like those of actynolite, occupy the cen- 
tre ; around these, plates, also of fibres, and ge- 
nerally curved, are wrapped *. 

This crystallised glass is formed by a sudden 
cooling of red hot substance in water. Our ig- 
norance of the laws of crystallisation, prevents 
any attempt to account for this fact in a satis- 
factory manner f. But before applying it to 

the 



ing destroys the crystalline texture which glass possesses 
when ^sed ; rapid cooling fixes this texture^ and^ renders 
it permanent 

* The easiest way of dissecting them^ Is to inclose three 
or four in a snudl box, just sufficient to hold them, with 
their tails projecting. Or they may be broken under the 
confinement of water. In these cases, parcels of fibres -and 
pktes always remain united slightly. 

t It would be useful to perform experiments on very 
large masses of glass, dropped into water when in fusion. 
-^Polomieu observed lar^e balls in the lavas of Etnat 



161 

the structure of the Causeway, there arc other 
circumstances to be mentioned. 

In the glass-house scoriae connected with 
the bottom of the melting pots, the following 
appearance is very commonly obsei^cd. The 
stony slag below the glass has formed into 
spherical masses, often an inch in diameter, and 
presenting a structure radiated from a centre, 
exactly like the Causeway joints ^. 

These appearances were in 1804 made ac« 
cidentally the subject of examination by Mr 
Watt, in consequence of an experiment which 
be made in order to illustrate, on a large scale, 
the change of melted basalt into a stony sub- 
stance. In an admirable paper f he has given a 
minute relation of the appearances, describing 
the tendency to arrangement seen in various 
stages of the consolidating or crystallizing pro- 
cess. 

L This 



■MMa*a 



* I collected specimens of this kind in 1811^ to illustrate 
Sir James HaU's paper on the effects of slow coolinjf . 



f Philos. Trans. 1S04, p. 282. 
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This regular arrangement is first develop* 
ed in the formation of small spherical globules 
i?hich are disseminated thickly through the 
glass formed by the fusion of basalt ; this glass 
surrounds them ; and they appear in it, with 
surfaces touching, like a cluster of seeds of 
about a line or less in diameter. As they cool, 
they adapt their form to their situatioii, filling 
up the interstices, and presenting a mass which 
is neither like glass nor basalt. 

Such is the case in a rapid cooling ; but in 
a slower mode, larger spheroids, having centres 
of formation more remote from each other, and 
often of two inches diameter, are formed, which, 
as before, are limited in size, by the confine* 
ment arising from contact of their surfaces. 
The structure of each is radiated, with distinct 
fibres, which often divide at equal distances 
from the centre, so as to detach portions of a 
spheroid in concentric coats'^. No spheroid 

penetrate!^ 



* Compare Mr Watt's experiments in 1804 with the fol- 
lowing general assertion : 

'' Fossito 
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penetrates another in contact with it ; bQtk 
compress each other, and have their limits de- 
fined hy a plane where separation takes place 
easily. Several spheroids, touching on the same 
level, are forn^d by mutual pressure, into pret* 
ty regular prisms, with perfectly defined divi- 
sions ; and when a spheroid is surrounded on all 
sides by others, it is compressed into an irregu- 
lar polyhedron. 

In the next stage of cooling, the fibrous 
texture is supplanted by a compact nucleus, 
which, advancing from the centre, fills the 
spheroids, and gives the compact texture. In 
this, as the cooling continues, a granular ap- 
pearance becomes distinct, and imbedded crys- 
tals appear. 

I shall not follow Mr Watt into his expla- 
nation of these appearances, dependent, in his 
opinion, on the laws of heat and magnetism ; 

l2 nor 



'^ Fossils having foliated> radiated, or fibrous fractures^' 
ire most unquestionably formed by precipitation from a 
state of chemical solution."-^ Jameson's Geognosy, 1803, 
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iM>r into the very probable mechanical theory 
of crystallization ^^ which he has offered as the 
best hypothesis ; but proceed to state the appli- 
cation of the facts which he has observed so ac- 
curately. 

He notices the decomposition of granite in 
globular forms, called by Werner distinct con- 
cretions f / and he shews how prismatic confi- 
gurations of basaltic columns, and their joints, 
would arise from a mass of fluid basalt. In 
this manner, he accounts for their actual for- 
mation, and for the horizontal position of basal- 
tic 



* Philos. Trans., 1804, p. 291. 

t The well known orbicular syenite or granite of Cor- 
sica may be described here, tt has a minute and oonfiised 
basis of Quartz, felspar, and hornblende, in which are placed 
touching spheres of two inches across, which are composed 
of concentric coats of quartz and hornblende. In general, 
the centre is occupied by hornblende, and surrounded by a 
zone of quartz. The finest specimens I have seen are at 
the collection in La Monno^e, in Paris. In some unstrati- 
fied granites, the mica is inclosed in nests or nodules of two 
or three inches, diameter, and having their plates concen- 
trically disposed. 
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tic prisms in whin dykes, from the cooling in- 
fluence coming on with equal force from each 
side *. He acknowledges that he is unacquaint- 
ed with the extraction of spheres from the 
joints of basaltic columns, and mentions that 
subsequent observations may confer on his hy- 
pothesis all the demonstration of which it is 
su|f:eptible f • 

By a happy generalization, Mr Watt has 
gone farther, and has shewn that the same for« 
mation is equally seen in minerals, of which the 
origin is undoubtedly aqueous, as the calcare- 
ous stalactites, of wlych so many columns are 
concentric and fibrous at first, and afterwards 
become sparry; and^ in the well known lime- 

w 

stones of Sunderland, which are radiated sphe- 
roids, often compact in the heart, oft^n with 
the radii obliterated, and the concentric struc- 
ture alone remaining. These graduate into the 
(>olites and pisolites, and into perfectly compact 

limestone. 



* Philos. Trans, p. S09* 
t ibid. 



limestone, and are illustrated by that view pf 
crystallization which I have mentioned above. 

If I maybe allowed, in the present state of 
the inquiry, to state. the connection which exists 
between many minerals, and their radiated and 
concentric forms, I believe that it will be found 
chiefly in the nature of the mineral substance 
itself. 

By the aid of the mechanical dissection of 
minerals developed.by HAijy, we have arrived 
at the knowledge of the forms of those ps^rticles 
between which the attraction of cohesion is im- 
mediately exerted. The simplicity of the re- 
sults of crystallographical science is confbrma* 
ble to every principle which we observe in na- 
ture^ where all is complicated in the details, 
and simple in the means. More lately, Dr 
WoLLASTON has shewn, that all the primary 
forms of minerals, may be constituted of spheri- 
cal or spheroidal particles * ; and an hypothe- 
sis, chielBy arising from the nature of mathema- 
tical 



iMh 



* On the Elementaiy Partides of certain 
Traiui. 1B13, p. 51. 
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tical figures, has received a great certainty from 
the researches of Mr Daniel, who has found 
diSexencts of specific gravity existing in diffe- 
rent parts of the same crystal, 'as in the tetrae- 
drons and octaedrons of fluor-spar, in which a 
difference might be expected a priori^ from the 
variation in the numbers of spherical particles 
wl]|^ch join to form these figures under equal 
bulks*. 

If cohesion in solid bodies be supposed to 
arise from the mode of aggregation of crystal- 
line forms, and if fluidity be the result of the 
alteration of these regular figures into the sphe- 
rical particles of which they consist, by with- 
drawing a part of the cohesive power f ; and if, 
as has been satisfactorily shewn, a simplicity of 

form 



* See Joani.0f Science and Art, N<> ?• p- 30. 

t This has been long the most probable cause of increase 
of bulk in all fluids which crystallise in cooling; as in the 
expansion of water in ice> in sulphur^ cast iron, sulphat 
of lime, &c. An arrangement of crystalline forms appears 
always to occupy i|iore space than the same quantity of 
matter in the fluid state. 
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form of crystal accompanies in minerals a sim- 
plicity of chemical composition * *; it may be in« 
ferred, that the more coippoimd the structure 
of the mass, the less simple will be its mode of 
arrangement ; and that after a certain ccmi- 
plexity of chemical nature predominates in a 
mineral, no regular arrangement of mathemati- 
cal solid forms will arise in its substance. 

All the solid matter of the Globe is either 
Capable or incapable of a regular crystallization. 
We observe in nature many species of minerals 
well defined, and it is the object of the improv- 
ers of Mineralogy, like HaUy and Wollastok/ 
to reduce the pure types of these substances under 
regular crystallographical arrangements ; and it 

will 



* We Imve now at least three modes jDf ascertaining the 
nature of bodies^ more or less particularly ^!-4llelnical ana<« 
lysis^ refractive power as to light, and the examination of 
the Qrystalline form. In the last caae^ sulphuret of lead, 
common salt^fluat of lime^ and bodies of not very compound 
natures like them^ crystallise in tiie simplest forms; others 
of more elements^ as carbopate of Ume^ in fonns more com- 
plicsted' 
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will be the business of the chemist to inchide 
them ufider that doctrine of definite proportions 
which is now forming the basis of his sciences- 
Nature also exhibits to us, in the great masses 
of the globe^ substances possessed of a far more 
complex nature ; for gramtic and basaltic rocks^ 
consist, as we have seen, of numerous frag- 
ments of the crystals of simple minerals. We 
might, therefore, be led to infer, that these 
rocks will not exhibit in their masses any signs 
of so regular a crystallization as those of the 
simpler minerals whose crystals they always in* 
close. On the other hand, we may say, that in 
piqportion to their mixed character will be the 
tendency to a partial crystallization of the whole 
mass. Now this is exactly what we find in na- 
ture. I have made use of glass in drawing this 
conclusion, because glass, in complexity of na- 
ture, approaches to many rocks ; and since it 
has been shewn, that the tendency of glass is to 
crystallize in spherical forms. As granite and 
basalt when unstratified, present the same globu- 
lar and concentrically radiated structures ; , as 
lavas often unfold it ; as limestones contaminat- 

/ ed 
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ed with siliceous or foreign matter jMresent it, 
we are thus enabled to connect the whole of 
these bodies in one simple structure and ori- 
gin *• 

In fine, in all these examples of concentric 
and radiated structure observed in the great 
masses of the globe, I have thus been led to the 
conclusion, that their identity of structure arises 

from 



* The polyhedral concretions of the Cheshire rock-salt 
have been described by Mr Playfair (§ 34.), and afford another 
instance of a similar formation. Dr Holland (GeoL Trans. 
1. 55^) mentions the perfect line of division which exists be- 
tween the rock«-salt and the day.^— -The argument for igne- 
ous formation is here sufficiently established^ from the fiict^ 
that water could not be supposed to precipitate the salt^but 
heat is sufficiently effective to expel the fonner, and iuse 
the latter. 

The salt at Cardonna in Spain, has a highly cxystalline 
fractiure, and is very compact and pure; its large granular 
distinct concretions fill a valley, (Dr Trail, il 406.) ; and 
Mr Cordier has menti<»ied that it has colourless grains^ and 
grains coloured from grey to reddish«brown^-^ Journal of 
Science, No. iii. p, 154.) 

The pumice in the Gunpo Bianco in Lipari^ has a 8iml« 
br structure in globular concretions. 
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from one general fact; that when in a fluid 
state a simple mineral can return to its mathe^ 
matical form of crystal^ while a compound rock 
cannot return but partially. If we seek for the 
cause of this phaenomenon, it may most proba-^ 
bly be found in that tendency to mechanical ar-^ 
rangement which appears, as far as we know at 
present, to be the governing principle of crystal- 
lization, and at least offers to our view all its ef- 
fects in the structure of crystals *. The nature 
of the passage from the fluid to the solid state, 
must also modify the forming arrangement of 
particles; for Dr Brewster's admirable disco- 
veries have shewn, that the crystalline texture 
exists in glass when it continues in the fluid 
state. He has also proved, that mechanical 
compression and dilatation produce such a de- 
gree of crystallization in glass as is effectual in 

polarising 



* Professor Morichini's disoovery of the power of the 
vklet rays of the sun's light in magnetising needles^ has 
lately been confirmed^ and may be connected with that in- 
fluence of light which has been long observed in crystalli^- 
aations. 



polarising light *. This principle may have itd 
cjffect, as well as the rapidity of cooling f , and 
the changes induced by the formation of new 
crystals in the mass of rock^ deriving their ma- 
terials from its substance. The existence of ap*» 
pearances of this kind, to a greater or smaller 
extent, is an additional fact whence the truth of 
the general conclusion may be deduced. In 
other cases, marks of a regular and a spherical 
arrangement occur in the same crystal, as in the 
mineral denominated Pearl-sparj where curvili- 
near forms are given to the rhomboidd crystals, 
of which the complexity of its constitution thus 
forms the best explanation :|;. 

In 

_ ^ — __ ^ — _ — ^ — ..^ _■ ■ _ _ ^ — ■ _^ ■ ^ ^ . . ^ ^ ^^^ 

* Fhilos. Trans. 1816^ p. 156.-— By examining several 
minerals^ when heated^ as to th^ poiarising powers^ ne¥^ 
oondudions may be deduced. 

t The columns of the Causeway, it is probable from 
these views, owe their superior regularity and equality of 
joints, to the preservation of their uiiifomi substance, by a 
more rapid cooling than the larger pillars around them were 
subjected to. 

X Pearl-spar is composed of lime 29*97> Magnesia 21.14, 
Carbonic add 44.6, Iron 8,4> and Maoganese 3.5* 



•I 
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In all that has been stated on this subject ^, 
let it be remembered, that every thing applies 
equally to aqueous or igneous consolidation, and 
that in fact we need not look into these appear- 
ances for proofs of the origin of minerals from 
either of these causes. For, as has been stated 
formerly, the true nature of aqueous does not dif- 
fer from that of igneous formation, and we. can- 
not therefore be expected to trace any difference 

in 



* I have often observed the regularity of the spherules 
which are projected from mixtures of oil of turpentine and 
nitric add, and which formed suddenly, and when heated, 
exhiUt^ when dryj a r^^ular concentric structure in many 
cases. 

The mamillated surfaces of many minerals, as haema- 
tite, prehnite, &c. are always associated with a radiated 
structure ; and Mr Daniel, by immersing polished camelian 
in fluoric acid, found in its dissection, in this mode, a con« 
oentric structure, entirely unseen before, (Journal of Science, 

No. 4. p. 278.) This interesting &ct seems, with others, 

to render the above appearance general, and may allow us 
to trace a relation between the crystallising forces, and the 
external aspect of many minerals. It connects chalcedony, 
which is always an uncrystallised substance, with the iden« 
tity of constitution seen in basalt 
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in their Jesuits. With regard to Basaltic rocks, 
there are not, however, wanting other proofs of 
the peculiar marks df heat, which I now proceed 
to trace. 



7. Position. Trap rocks, unstratified, form 
the highest and the lowest visible rocks; in the 
countries where they occur ; and they even ap- 
proach in elevation to many mountains of pri* 
mary. chains. They interfere with all rocks, 
from the oldest primary, to the latest secondary 
of gypsum and clay. 

Since this position wiU be doubted, and 
since the latest mineraldg^cal surveys of a basal- 
tic * country, like Antrim, always represent the 
trap as resting on the uppermost strata of chalk 
and clay, and forming a cap above them of varia- 
*ble thickness, I shall enter here into some detail. 

In the county of Antrim, there are many 
onnnrtunities of ohservinp that the hRsalt oc- 
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the stratified rocks. It forms the summit of 
every hill and mountain, like granite in a pri- 
mary tract. Though mantle«shaped strata are 
not seen resting on its sides^ as on granite rocks, 
yet other appearances equally satisfactory may 

■ 

be observed. On Kjiocklead mountain, in An- 
trim, near BaUycastle, I found strata of mica- 
slate inclined towards the mountain, and, though 
I could not trace the junction, evidently, from 
position, resting on the basalt which appears 
above them *. In a cave eh the sea-shore, at 
liOrryban near Ballintoy, I observed the basalt 
both above and below the limestone strata. I 
examined the large nodule of basalt which is 
imbedded in the chalk near the western extre- 
mity of the White Rocks f , and I found several 

others 



* This mica-slate is in several spots highly coloured 
with reddish tinges^ and in most places is very shivery^ and 
not coherent These may be regarded as marka of heat, 
from the basalt below. The best appearances are seen in 
the principal bum or ravine on the western side of the 
mountain. 

t Mr Conybeare, in Geol. Trans, ni. p. 212. 
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Others of the same sort on that coast At Kin- 
baan, the chalk is seen forming a mass with ba- 
salt above and below it ; and assuming at one 
extremity such a curvature as would, naturally 
result from lateral pressure ; while at the other 
end it is rent and shattered in all directions, 
the basaltic matter insinuating itself into the 
fissures and changing the chalk into granular 
marble at the contact. Fragments of the chalky 
of all sizes, appear to have been forced upwards 
and imbedded in the basaltic rock, having been 
altered on their surfaces wherever they came in 
contact with it *. 

These 



* Ibid. p. 209.— -Mr Conybeare has given as accurate a 
description of Kenbaan^ as the state of the debris allows of; 
but his drawings only give an inadequate leprosentation of 
this interesting spot*— -The alterptionof the flints, there is 
remarkable. 

The masses of chalk here inclosed in the basalt, are ana^ 
logons to the imbedded masses of sandstone in the green- 
stone of Salisbury Crags, near Edinburgh, described by Mr 
Allan, Edin. Trans, vi. p. 431. 

Mr Conybeare, in a note, p. 208. supports the igneous 
origin of Basalt from Kenbaan. 
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These appearances are utterly inexplicably 
im any hypothesis but one,-^that of the basalt 
being the lowest a^ well as the highest rock ; 
and of having been forced upwards/so as to <de« 
range the strata of chalk, inclose masses of ,it in 
it& own substance ; and propel or deposit rounds 
ednodules into the chalk, when in a soft state, 
from the presence of the w^ter which arranged 
it in layers. 

The principal spots in Antrim, where ba- 
saltic hills are nearly surrounded with the chalk 
stiata, are the Mountain Deyis,' the Squire's 
Hill, the Cave Hill, and the Knocka. In Colin-* 
glen, between Coliaa Mountain and Devis, and 
along the eastern sides of the whole range, for 
fourteen miles, the. chalk skirts their sides, and 
appears in many quarries and in. numierous ra-s 
vines. As we penetrate the small glens be- 
tween the hills, we observe the chalk resting on 
mulatto^ (a mixture of it with specks of green 
earth, or a calcareous sandstone,) and that on 
the lias or slaty blue clay, sometimes inclosing* 
gypsum. The whole series, from its organic 
remains^ and its position, and nature, has been 

M completely 
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Completely identified with the English strata; 
the only dlfTerence arising in the hardness of 
the chalk, which is superior, in many places, to 
that of ordinary limestone *. With this hard-- 
ness, rents or fissures, not so distinct in the 
English chalk, are associated, and these are fre-« 
quently lined with coverings of crystals of cal^ 
careous spar, — ^The whole of the strata of chalk, 
blue clay, and mulatto, are crowded with shells* 

The opportunities of observing junctions are 
numerous, along the face of the hills ; in Colin 
den ; at a cascade on the Mile Water, near its 
rise, on the west side of the Cave Hill ; and at 
some fine waterfalls in Woodbum, two miles 
above Carrickfergus* 

The strata of chalk, except where disturb- 
ed, are very regular* The line of their junc^ 

tjon 



«»- 



♦ Dr Berger^ in Geol. Trans, ni. 167- & 130.— The fijN 
sures^ the lining of calcareous-spor over their sui&ces m 
many places^ and the altered aspects in the flints^ have ap-i 
peared to me to constitute^ together with the hardness, the 
principal differences between the Antrim and the Englidi 
chalk. 



k 
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tion with the basalt^ along the faces of the hills, 
is not horizontal, but extremely irregalar» — a 
circumstance which may be explained on either 
theory. A general direction of dip does not 
exist among them i for they always dip towards 
the mountains ; and, of course, in going round 
these, they dip towards all points of the com« 
pass *. The angle of their dip, thus always at: 
right angles to the side of the hill, is pretty re- 
gularly about 9 and 10 degrees. 

On Knocklead mountain, the arrangement 
is completely seen. A zone of chalk nearly en-* 
chrcles its middle region ; above which the un- 
{rtxatified basaltic cone rises, and the angle of 
dip of the chalk is very small f . 

Now these appearances are exactly the same 
with those observed in mantle-shaped strata a-< 
xound granitic mountains, with one exception^ 

M 2 that 



♦ Dr Richardson had inferred, (Ph. Trans. 1808, p 214.) 
&at the chalk strata below the basalt is not an accmsate 
plane, but rather resembles a bason, $iace everywhere^ at its 
periphery, it dips considerably. 

t Berger, p. 175. 



thai the cbaU: strata^ fnrtead of listing bh^ dip: 
und^t th^ incuQibcnt basak.^ . 

The basaltic rock, like giisttute». fonas the. 
summitsof the hilk ; hot that it. is, also th^ low^ 
est visible roc^ is evident fiom the. ^hia-djkes^ 
which ^ce cpntinualions of their SDb&tauoce^ paa»» 
through all the stcattai of chalk andi cla^ j appear 
on the ^asshore at a great distance belo.w the^ 
level.of tlje chalk ; and e^eii tf avet$e the: bed €£ 
the Lough of Bel&st, F^irom the. Cacrick&rgu^ 
shore to the op{x>$ite coasts several whin^dykes 
appear to be distinctly continued acix)ss. the bed! 
of the sea)-««a di^steuoiCQ of tjuiee ntiiles $ . for the* 
same dykes may be traced- to. correspond at Ma^. 
cedon and Holy^ood; That these dykes aro 
continued' into- the basaltic hiUs^themselveSy is 
in- m»>y places evid^Eit, from theiv extent and 
bearings, though^ from their number, it is not 
easy to trace to the precipices the same dyke. 
The whin-dykes below Ballintoy, and in other, 
^pqts,^ ar^ in a simUar situation.. No cpnver- 
geoee appears \vt them ; . and ho t^rminfitipn to 
any one below is known* 
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Oa the h7{X)thdsil5 of a de|ybsit fVoxn e^bov^, 
ft k impossible to explain thesd appearances, or 
eyeR that of the occurrence of one rounded mass 
of basalt in the chalk. To the disciples of Wer- 
ner it is peculiarly difficult ; because it supposes 
that this great formation of basalt, the newest 
of all formations, was let fall from a chemical 
solution in a liquid, which must have retained 
its. matter dissolved during the periods when it 
acted as a sea, in which many successive gene- 
rations of shell-fish had lived *. 

Why should we then, from the appearances 
which have been described, refuse to associate 
basalt with granite ? On the theory of an origin 
from below, aU the phaenomena meet with an 
explanation of great simplicity. An unconfor- 
mable and unstratified rock f lies above and be- 
low 



* The conmum apparent 9ituAtion of ba&altic masaeft 
fonxung the tops of hUlSj has bee& hitherto a strong argu- 
ment against igneous origin.^-'See Daubuisson on Basalts * 

t I may perhaps be referred tiere to a drawing given by 
Dr Rkhardsou in Irish Trans, vol, uc« 49» ak a correct re- 

presentalioii 



1 • 
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low a series of strata. The dykes which pro- 
ceed from its substance traverse them all ; and 
are evidently, in this respect, related to granite 
veins. Strata of a substance completely identi- 
fied with those of the same rock extending over 
a great part of England and France, differ from 
them only in possessing a &lv greater hardness. 
-— £ven the numerous degrees of this hardness, 
indicate the operation of a power acting un- 
equally over extended masses. The direction 
and dip of the strata confirm the theory of for^ 
mation from below. Let us conceive a dense 
mass of basaltic rock raised from the bed of the 
ocean, and under its waters ^. Its heated mass 

would 



presentation of the stratification of tihe precipice of the Cava 
Hill. In the prints a very regular arrangement of strata is 
indeed represented Nothing of that kind is however to 
be seen on the hill ; and as a general view of the spot, Dr 
Richardson^s has certainly the least possible resemblance to 
the scene* Some of the rest of that gentleman's diawingq 
possess very considerable accuracy. 

* The soda of basaltic rocks shews a relation between ji 
and the present sea. 
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ffovld begin to harden the chalk strata above 
it ; and, after its eleyation, its weight of sub« 
stance would, at the extremities where it oyer* 
flowed, press down tlue strata of the yielding 
substances all around, and present their direc^ 
tion and dip as we now see them ^. 

Instances of the overflowing of Granite 
have not jet been discovered, or, as far as I 
know, been described with sufficient accuracy 
to enable us to draw just conclusions. Instan-^ 
ces of the overflowing of basalt are numerous, 
and they seem to constitute a principal diflfer* 
ence between it and the older rock. 

In several spots I have noticed, that the 
pressure of the mass above seems to have been 
the cause of the dislocation of the strata. Ken-- 
baan has been already described. At the pro- 
montory 



a 

* Dr Macknighty in his description of Ravensheugh^ in 
Wem. Trans, ii. 407. has adopted a similar explanation with 
this which I have here given from the appearances of the 
Antrim strata. He illustrates it by a sketchy p. 408. and 
adduces it to explain a cotemporaneous and aqueous fomui^ 
tion ; but I believe it to be one of those appearances which 
result from pressure alone* 
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fnontory called the Whitehead^ near Ide Magee^ 
the wav^ expose the strata of. chalk, dippings 
as usual, inwards from the ^ore. A large mass 
of basalt rests upon them, formed into pillars of 
consideiable regularity. This mass, where it is 
thickest, seems, from its great weight, to haye de-^ 
tanged the strata below by producing a fissure, 
on each side of which the chalk dips in the di«*' 
rection which could alone be given to it by the^ 
pressure of an incumbent mass.-— In other iur 
stances, the pressure of the basalt has been re^ 
sisted with great uni£3rmity, as around the 
mountain Knocklead. 

It does not appear that the debacle from ba- 
salt has been on so extended a scale as that from 
primary chains*. Every thing indicates that 
this rock had arisen under a sea not deeper than 

that 



^ Dr Berger infers^ that no disturbance^, but wearing' 
down^ has occurred since whm*djkes were fotmed> V(d. ni« 
p. SSS. He extends the same conclusion to the moimtaina 
which they intersect 

Dr 
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that iDdiich washes our present land. In An- 
trim the chalk presents a position nearly analo- 
gous to , the houndary of the present chores ^^ 
Basalt does not graduate into a series of rocks 
like granite. In vamy spots, the strata which 
it £>rms above the unstratified masses, evident- 
ly present an aggregation of conglomerate or rol- 
led rock* Much of this appearance is seen on 
the €li& near Duiduce and Kenbaan. Where a 
complete disintegfation of the stone took place^ 
under water, the formation* of a fine clay might 
be expected ; and in a clay abounding in oxide 
of iron, the subsequent heating of the mass 

would 



Dr Riduu-dson, in Phaos. Trans. ISOS, p. 222. has wriU 
leu largely <m the debacle firom basalt, and infers^ with great 
probability^ that all the coast and county of Aiftrim has 
been modelled by the wearing down of that rock 

* The Rev. Mr Conybeare thinks that the sea and Lougb 
Neagh have received the debris of the Antrim debacle.«>« 
Geol. Trans, iii. 132. 

In Bcrger^s map of the County of Antrim^ in the same 
volume, it will be seen^ how nearly the distribution of the 
chalk 18 related to the present shorf of the country* 
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would call forth that red colour which all such 
clays present when heated, from a change in the 
oxidation of their iron. Strata of this clay in** 
terposed between strata of consolidated amor* 
phous or columnar basalt, might be expected to 
appear. They would exist in all states of hard- 
nessy and the presence of steam, as formerly 
mentioned, might preserve a great softness in 
some of their beds. In others, the application 
of a greater heat would fuse the substance com- 
pletely, and give td it the greatest induration of 
which it is susceptible. Stratified beds or lay- 
ers of such clay, and of basaltic conglomerates 
and amygdaloidal masses, would thus be account-f 
^d for in the same manner as the formation of 
gneiss or mica-slate in the primary mountains. 
One general principle, disintegration under wa- 
ter, united to consolidation by heat, would 
attest the simplicity of the operations of Na- 
ture. 

The appearances here are exactly what 
have been inferred from the. above consider^ 
ations. The red ochre y hoU^ or iron^clay^ accom- 
panies the basalt wherever it occurs stratified ; 

wher^ 
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where the rock is decidedly unstratified, I have 
never been able to trace it but in very small 
quantity. The arrangement of eighteen succes- 
sive strata at Fleskin has been often described ; 
of these eight are red ochre, in beds of very va« 
liable thickness. The same rock accompanies 
the stratified basalt of the coast for seventy 
miles. It possesses every variety of hardness* 
No inclosed mineral is found in the basalt, which 
is not found in it. I have constantly noticed 
that whe):^ it is tUiekest, the hardness is least ^ ; 
where it is thinner, greater. On the cliffs of 
the Black Head, at Isle Magee, I found all 
the above principles confirmed by an appear- 
ance which I have not seen any where else in 
such perfection. There the red clay, hardened 
tQ a jaspery consistence, and highly splintery, 
forms, at the entrance of the two caves of the 
promontory, a lining to the concretions of ba- 
salt, 



^ Lest this should be ascribed to the effects of wearing^ 
I inay mention^ that in Port Royston and Port na Spania^ I 
examined the ochre to some depths under the exposed siirK 
fiure. 
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salt^ each mass of which is comidctely surround-^ 
ed by a covering of it, of two or three inches in 
thickness. * 

I have thus endeavoured to trace the facts 
which are connected with the position of basalt, 
and the circumstances in which this agrees with 
and differs from granite. A question may arise 

as 



* Dr Richardson ccmstantly mentions the 'red day as 
cchrws basak, and has given very accurate descripttons of its 
strata in Edin. Trans. voL v. p. 20. 

'^ 1. The Dchrous starata are extepslve^ (varying from ^n 
^' inch to twenty-four £eet in thickness) ; they remain al« 
'^ ways parallel to the basalt strata which they separate ; 
'^ they imite to the basalt^ without interrupting its solidity ; 
'^ the change from the one to the othe^ is sudden^ and the 
'' lines of demarcaticm are distinct The odnrous stone is 

never found but contiguous to the other basalt 

2. The substances imbeded in the ochrous rock, and in 

« 

^' basalts, afe^e same exactly; calcareous-spar, zeolite, 
'^ chalcedony, &c. 

^' 3. Among the varieties which this rock presents, there 
** may be found every intermediate stage, between sound 
u basalt and perfect ochre. The dbange is often partial, 
*' beginniiig with veins, and slander ramificalioni/' 

FlODI 
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as to the relative aeras of these two great forma* 
tions. This is answered by considering^ that 
basalt atust: be newer than the strata of i&ells 
through which it rises, and which exhibit to us 
the ancient bed of the sea. It must alsabe new« 
er th^n gramte, from three facts ; — its valleys 
SHad debacle and subsidiary strata are upon a &c 
smaller scale ; it has risen through strata of mica- 
slate, conglomerate, and ancient alluvial strata ;. 
and its dykes often traverse granite itself"^. 

8* Whin-, 



From these facts^ Dr Richardson has constantly inferred^ 
^t this substance is merely basalt in a certain state of de-* 
eompositi<m. Irish Trans, x. 9^. and ix. 458. — So dso did 
St Fond. 

Daubuisson found in Auvergne pitchstone decomposed 
and yAdfiped partly to a. hroiamifih mass, resembling iron-, 
ochre. 

Analynsof the IroiMday of the Caimwa^, Silez SI; 

Alumitaa 22 ; Lime 4.5 ; Oxide of Iron 35.; Water 15 ; So« 
da none;— »^Dr Da Co$ta, Journal of Sdenccj No. 7. I^O.) 

* That is^ newer granite. In the oldest granite mountains^ 
with mande-shaped strata, no whin-dykes have yet been 

Ibupd' 
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8. Whin-dykes. — ^Thephsenomena of whin* 
dykes confirm the proofs which have been gi« 
ven of the igneous origin of the trap*-rock8. 
They have been frequently described j and 
new accounts of them, in all countries, are ra- 
pidly accumulating* In their structure and na* 
ture, a great uniformity prevails. The greater 
number are simple fissures, filled with substance 
at a period either simultaneous with, or imme« 
diately after their formation. Dr Berger has 
stated*, that, on the average, he found the 
widest dykes in primary, and the narrowest in 
secondary country. In Ireland he has shewn, 
that a general direction from S. £. to N. W. 

appears 



found. In Mull^ Jameson has described (Mineralogy of the 
Scottish Isles^ vol. i. p. 220.) extensive basaltic veins in gra^ 
nite^ with pieces of granite included in the basalt veins^ and 
in one instance^ the granite which bounds the side of the 
vein mixing with the basalt. 



.* GeoL Trans. voL ni. p. 227* 
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appears to prevail in the greater number * ;— 
a remarkable fact, should it be well established 
by observations in other parts of the globe, 
since it connects them with the extended 
changes which have taken place over the 
earth's surface, and thus affords a new proof 
of their origin from the largest masses which 
compose it. All whin-dykes are vertical, or 
nearly so. No convergence appears in them; 
they exhibit no branches or strings ; but they 
are sometimes waved or bent in their course f • 
The nature of the rock which they contain, is 
of considerable uniformity, at whatever dis- 
tances they are placed. In the arrangement o£ 
their contents, the greater number are of sim-» 
pie, but many of compound structure. In sim« 
pie dykes, the fissure is filled most commonly 
with small basaltic prisms, either in an upright 

or 



* 6^eol. Trans, vol. iii. p. S24. where there is a table of 
the dykes of the north of Ireland. 

t I have only observed this circamstance in narrow 
dykeS; when nearly terminating in the uppermost strata. 



1^ 

or an horizontal po^ti(»i. In most casea^ tfaest 

» 

pillars, if they traverse basaltic roclcs, are of a 
finer grain than the penetrated rock^ In other 
cases, the dyke is filled with amorphous pieces 
of^ rock, often rounded* In compound dyke^ 
the sides are often constituted of layers of 
prions, upright or horizontal ; wl^ile the mid# 
die is filled by amorphous basalt, or by prisms 
of larger size than those of the sides *. AU 
though in dykes a considerable . regularity of 
disposition of their contents is thus seen^ yet 
they never present the numerous successions of 
layers, and the drusy cavities, which are s^en in 
metallic veins. 

Dykes are oftoi extremely numerous ; and, 
in many cases, they produce very little distur* 
bance in the regularity of the strata which they 

traverse ; 



* Mr Wynch (Geol. Trans, vol. iv. pi. 4.) gives a figure 
of a dyke in the coal near Newcastle^ where tjhe sides are 
occupied by basalt, and the middle by confused firagments 
of the coal strata^ and balls of basaltic tufiL 

Dr MacCuUoch has described a compound dyke at Strath* 
aird in Sky.«-GeoL Trans, vol. ni. plate 4. 
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fometiines none *• From this and other appear- 
ancesy three kinds of them may be well esta** 
bHshed. 

(i.) The first kind is a simple fissnre in 
the s^ta, formed previous to the irruption of 
its contents, and not produced by it. The ra- 
pid contraction of a wet paste incumbent on 
heated masses, would give rise to them, and 
matter from below might afterwards rise and 
consolidate in them. 

(ii.) In another kind, the fissure^ or a part 
of it, has been produced by the irruptive power 
of the ascending matter. In dykes of this kind^ 
the chief disturbances of the strata are observ- 
ed f. 

0"-) 

* Dr MacCuUoch (VoL ni. p. 77*) has described many 
dykes in Sky^ which traverse the strata with almost no dis^ 
tfubanoe. At Strathaird (p. 81.) they are so Hmnerotts in 
a small space^ that he infers that the undisturbed sandstone 
jnust have undergone a lateral extension, equal to at least 
<me-tenth of its substance. 

t Masses of the rocks of the sides are often found in«( 
closed in the mid^t of the whin. See Allan on the Vicinity 

N of 
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(ill.) 'There are dykes wliich hare powo^ 
lidated in the rock of basalt around th(efP, n^^^ 
ly at the same time with its own consoUdation^ 
p^ i^ evident fronj tfee is^perceptil^le wpde in 
yhiicJti the sub^tance3 ftr^ united at the jupc? 
tions^t 

It h obvious, that tb^e last ki»d can ooly 
be seen in basalt itsi^lf. — :AU tbe;i^ kincj^s pre.- 
isent, on wearing doiTOt well known appf^a^r 
ances. Being always harder Qt ^softer than th? 
Strata, tbey either remain fx$ waUs, after the 
rooks ax^ound them have submitted to waste 
^d decay; or they themselves are 6r^ cairried 
off, and thus pn the S€^«sbores ofjteji givi^ ri^ 
to the formation of caves. 

From 



— er^ BL— I . inw^aega^gegit— ai»i 



^ Edmbtur^y Edku Traid. v<)JL vi. p^ 4^^-*-40O.*rOeoL 
JVW8« vol. fv. $^ S8. 

* At Fidiiiead, about half a imle lh>m the lughest «im 
soity I saw good esxamples of this kind cf d^e> niesr the 
shores of a «nall lake mfintioDod fay Mr Conybeare^ p» 20ft 
and where I saw no basaltic cliffs suiroiuuiing the baidcs.*-*- 
I endeavoured to trace one of these dykes to th^ Gray Man's 
!Path on the precipice^ which I found to be a true dyke, but 
was not successful. 



w • * ^ • 
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Jiom the nature and the. structure of these 
. dykeSf taken in coooection wJtb other facta, we 
may infer their consolidation from the action, of 

» 

heat. And, Ri they pa58 through all the strata, 
this opinion will be confirmed /by the appear- 
ances which they present :at their junctions 
with various . kinds . of rocks. 



9. These phasnomena have been frequent- 
ly described ; and they, supplied one of the first 
and. the best proofs of Dr Hutton, in favour of 
an igneous consolidation of the strata* — ^When 
sandstone is the rock traversed, it is often chan- 
ged in colour, and hardened; or it splits easily 
into thin ' plates *; Mica^slslte, when adjacent 
tO-the walls of a dyke, has its texture loosened, 
aiid its substance reduced to dust f. The char- 

ring 

• • • 

"* As at S^abuiy Crag8.<--7iSee Dr MacCuUoch's very ac- 
curate aocpuntof the junction of trap and sandstone at Stir- 
ling Castle — (Geol. Trans, n. p. 306.) 

t In DonegalL— JDescribed by Dr Berger in Geol. Tran3. 
III. 230. 

• - 

n2 



196 

ring of coal in their vicinity was first observed 
by Hutton ^ and it forms one of the most com-- 
mon appearances in those coal-mines where 
dykes traverse the strata *. In Easdale, the 
clay- slate is shivery where the dykes traverse 
it f . Slaggy or melted appearances often cover 
the sides of the trap veins %. Red sandstone is 
changed, in some cases, to a compact horn- 
stone §• Slate-clay is altered to a flinty slate |[. 
Common clay is hardened to some distance from 
the rock, and changed to a splintery fracture ^. 

When 

* Playfair's lUustrations^ § 68. & § 267.~As at Saltcoats, 
in AyTBbite; at the Walker colliery^ Newcastle.— -See Mr 
Winch's description of it in GeoL Trans. voL rr. plate 3.«-« 
At the Ballycastle mines^ it is reduced to cmders.^Mr 
Conybeare^ ib.p. 206.) SeeMr Aikin onaBed of aTnqp in 
Staffordshire^ voL iii. p. 255* 

t Observed by Professor Jameson^ Min. of Scottish Isleflt, 
vol. I. p. 194. 

X See Mr Allan, in Ed. Trans. vtlL vi. p. 42^. 

§ Rev. W. Conybeare, in GeoL Trans, tii. 201. 

II lb. p. 205. 

f Observed on Devis Mountain^ near Belfast; and on 
the Falls river below, near Mr Stevenson's> Sec 
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« 

— When chalk is traversed^ a limestone][more 6r 
less granular^ and generally phosphorescent, is 
produced*. When limestone is cut through, 
it is seen much fuller of joints near, the dyke, 
than at a distance from it, and more hardened ; 
sometimes tending to the sparry texture of crys- 
tallized carbonate, and sometimes enclosing iron 
pyrites f . 

All these are effects of heat, and all can 
be imitated by artificial fires. The supposi- 
tion of a consolidating fluid percolating from 
the dyke through the materials of the sides, 
will not account for one of these facts, as far as 
our experiments can guide us f . The action of 

heat 



* As at most of the dykes in the dudk strata of Antrim. 
The flints aire also altered. Dr Berger has described the 
changes with great minuteness and accuracyj, Ged. Tr. iii. 
p. 172. 

t See the description of a dyke in Northumberland^ by 
the Hon. Mr Bennet, in GeoL Tr. iv. 105. 

X This is the only Wemerian suppositidn which i have 
met with— See Dr Murray's Comparative View^ p. 132. 



'heat alone interprets the appearances wbiclt we 
observe in Nature, and interprets them alL 

I have already mentioned the hardening of 
vthe chalk over ati exten^ve cbunttyv %^ tlie 
Cpresence of basalt. This- pbaeMmeni^hag hi* 
-therto been observed only In the county of An- 
trim ; and, as aU that countty has a basis of thk 
rock, it affords an additional confinnatibn of the 
truth of the general conclusion*^^ 



11. When wood-coal is found incumbent up- 
.onand overlaid by Basaltic cohiinns, appearances 
similar to those already mentioned may obvious- 
ly be expected. — Small beds of this variety of 
coal were discovered at the Causeway, in Fort 
Noffer and Fort Ganye about 1815, similar to 
those which occur at Ballintoy on the 'same 
coast. Last year I had an opt)ortunity of ex- 
amining all the places where the coal and the 
columns are in contact. The stratum of coal 
follows the same dip and direction with those of 
the rest of the strata. At Port Noffer, immedi- 
ately above the mole of the Causeway, its depth 
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B dboot &ft fbet. The colnooUj^r U^ at the 
uppct junctioa forms a weU ddfioed land w^'^ing 
:hae» from an extensiTe series of specimefi^is, 
the cfaange from wood little altez^d to a charred 
imaai xmxed with clay and crol^ded with imper- 
•fectaugites^ may be traced. There is no per- 
iSect cosif as we would expect ; and no bitumes. 
The charred appearances are of evcfry shade of 
•whit^ grey and hbck hues, exactly as in an or- 
.dinary fire. — ^In some of tfae^excavations at Fort 
.Ganye, where the basalt and wood-coal are in 
-contact, the rock has become of Ught ^purplish 
hues, with many black specks of coaly omtter 
disseminated through it, and numerous air- 
holes lined with a species of soot. The basalt 
alters with a constant variety; of coburs in the 
same specimens, from a bright red to a greyish 
white. 



12. While this altered wood bears marks 
of origin, perhaps more recent than the aera of 
the ^Us in cliffs not far distant, the appearance 
of ashes in another spot in Port Ganye, adds tb 

the 



200 

the proof*'. These ashes or rather cinder^ 
were found lately in small quantity : I traced 
them on a cliffy where, from the nature of the 
ground and the debris, an artificial formation 
could scarcely take place ; I found them in 
loose sandy soil immediately above the basalt, 
but the state of the cliffs did not allow me to 
observe their connection. They resemble the 
brown $lags of ordinary furnaces, and ar^ ^ccom^ 
panied by small pieces of very - hard jasper, 
which seem to have originated from the red 
clay. — ^This proof is not, however, of much im* 
portance. 



IS. From the existence of shells in strata 

evidently 



* In Auvergne^ Dsnbuisaon mentions particularly the 
blistered surfaces of basaltic summits^ and their spongy 
scorkSy and their mixture with volcanic aahes.^'Jouni. de 
Physique^ 1804, p. 47*) He describes lava in the fonn of 
currents, basalts, and porjihyroid masses.r-'In the coUectiofiB 
of St Fond and SpaUansani, preserved in the Mus^^m of 
Natural History at Paris, I found many exactly correspond^ 
ing to Scottish and Irish spedmeiis. 



\ 
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evidently modified by heat, I shall attempt to 
deduce a proof of more importance. When a 
shelly as a belemnite, occurs in the crystalline 
limestone near the junction of a whin-dyke, the 
texture of the brown Umiestone which forms the 
;^hell becomes considerably more crystalline than 
in belemnites at a distance ; but a more import- 
ant remark is, that the shell exhibits such a 
pomplete union with the mass ground it, as qould 
only result from a change which has aflfected 
both in the same manner, and which renders it 
impossible to detach it entire. In some speci« 
mens these blending appearances are pf grea.t 
distinctness. 

That the rock containing ammonites at 
Portrush should have ever been mistaken for ba- 
salt, in any one of its numerous varieties, is a 
circumstance to be accounted for only by that 
remarkable disposition to hypothesis which has 
30 frec[uently disgraced Geology*. It is the 

more 



^ Dr Richardson's Siliceous Basalt—Edin. Trans, vol. v. 
p. ISt Omjw^ his description with Mr Canybeare% Geol. 

Trans. 



moTt ftii^iidkr in this iiistanG€^ as thtee-aitenuP- 
tions o£ the #inty-9late with the gtieeitttcfue ar^ 
constantly before the eye of the 6hfserV6t.---Mlt 

• * 

Co^ybeaKe has inferred, with great {ifobeMfr- 
ty, that it is the altered slate-clSy of theJ^^i^ 
formation, and I found it- closely associated iii 
characters with a soft variety of slate-cky, Whiiih 
•is found below the first range 6f cclktatng at 
Fairhead. There, and at Portmisi and thfe 
Skerries, the large-grained greenstone, consist' 
ing of felspar and augite, is closely associated 
with it in unstratified masses to which the slate 
is conformable *. The shells are ammonites, 

• « 

and present that variety of appearance whtcfa 

we 



Tfsnu, roL iiu 21S. as an example of two of the inoet opp^ 
site accounts of the same rock. After spending two dajs 
at Portrush and the Skerries^ I could not find one instance 
of the transition into trap which Dr Richiardson mentions. 
Mr Conybeare has traced its true relations. 

* In Cruachan^ Rasay^ Shiant^ Sky^ Sec Dr MacCulloch 
found beds of ftinty-date altered hydi^ contact i^di trapj 
and infers ihat they an common day-sldtt mid shals htft* 
dened.— GeoL Trans. lu. 99* 
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"Ire should expect from the agency of heat* 
While some are pretty well defined, others fotffl 
Wclei^ union with the slate, and pass into every 
Variety of blending, till at last they become vi- 
sible otily l^ slight vestiges. The rock in 
M^rhich they lie also presents considerable varie-- 
ties of induration, and in many places passes in- 
to very thin layers. Appearances of this kind 
are entirely irreconcileable with an aqueous de- 
posit^; III shells never altered by heat, as in 
chalk beds, the forms should be preserved in all 
their sharpness, for a chemical action cannot be 
admitted without entirely dissolving them* 
Heat alone can produce that unequal consolida^^ 
tion of the slate, that separation of thick and 
thin layers, and those attempts to alter without 
completely obliterating the form of the shell, 
which we see exemplified atPortrushsd evident- 
ly, that iio part of the Globe presents more de- 
cisive marks of its action. 



14. The existence of water in basalt, often 
occupying small cavities in its substance, was 

long 
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lodg adduced as a proof of its origin, till the 
agency of a compressing force to retain it was 
established by experiment. 3ut» since lavas do 
not contain water, it may be inferred that this 
difference between them and basalt, tends to 
another proof of the above principles. For lava 
is erupted in the air, and spreads in thin sheets 
over the soil, without a sufficient mass to retain 
in its substance highly condensed . steand. Ba- 
salt, on the other hand, has 4owed below the 
bed of the sea, qf which the pressure would be 
effectual in retaining water, when heated^ . We 
should therefore ' cxpeet^ u priori, to. find water 
in basalt, and none in the lavas of our present 
volcanoes. 



1 5. W£RN£R has observed, that the basis of 
amygdaloidal traps is the coarsest part of the 
precipitation, and that the vesicles have been 
filled by the remaining solution, or by a filtrat- 
ing fluid, which contained a finer solution *.— 

If, 



* Jioneson's Geognosy^ p. 48« 
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If, for reasons already given, we withdraw from 
this passage the ideas of solution, and of a fil« 
trating fluid, of which we have no evidence, 
we find an exact conformity with observations *. 
The tables of the .analysis of minerals exhibit 
no substance enclosed in basalt, which possesses 
elements different from those contained in most 
varieties of that rock. • • • • This is an additional 
reason for believing in the formation of these 
inclosed masses of calcareous spar, zeolites^ 
&c. f from the substance of the rock itself, as 
Werner has supposed. It does not indeed 
aflford a proof of aqueous origin, but it offers 
no obstacle to an igneous formation. And 
when it is confirmed by the experiments before 
mentioned, of the formation of such substances 
in a comparatively short time, and at the pre- 

sent 



* See the observations given oil Crystallization, abovcg 
under the Primary Rocks. 

t Dr MacCuUooh has traced the transition from mesotype 
through chalcedony to cfaert.<^-Geol. Trans, vol. in. 87 



/Brat day^ we have all the evidence whi^h. such 
^0 a|^)earance can afford ^* ' • 



I have now collected ajl the evidence 
which the ob^erv^tions^ of others and my owp 
have fliade me acquainted with^. Thex:oncluabn 
at which we h^ve arrived, has been indeed diawn 
for ij^rly half a century, b^ from evidence so 
.imperfect^ that it could never command imiver- 
i$al assent f. Even yet theproofe may not be 
considered cQmplete by. all. A? the progress. of 
discovery advances, ni9re maybe br<>ught fQrr 

ward; 



* De^ iMQJumor lately maintains anew, that the cry8ta|8 
of all lavas are previously formed, an<i infusible in it They 
should, then, be worn on the edges or angles, and not well 
defined, as we see them.-^Joum. cf Science, No. 3. 158.) 

t By the Bev. Mr Hamilton, and others. See St Fond's 
Travels in Scotland, 2 vols. 1798^ where every stone is call- 
ed a lava. But the distinctions between lavas and basalts, 
^ well as their similarity, cannot be traced too accurately ; 
and some of them have been undoubtedly omitted, from 
the influence of hypothesis. 
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war4; ;a|id pf tliiisprogrie^s we are neyer to des^ 
pair. Tb^ xhi§i puopfe :of ori^ upon which 
tlffi. xmnA f09>y ire^t are^ colour, structure, and 
tl^e. aj^t^rances of wfaii^-dykes, shells, and wood- 
Qoal* Po^i^i^ offers aiaother eyidence of the 
stiTPOg^^t kiiadt^ The general 'cbnclusdoii is, that 
4gtum offers to our view, three kind$ of un* 
$t?atified. rocks, granite, basalt and lava; that 
these h^y^ had thei^ origin at different aeras ; 
th^t ^<^h is asaociated . with a peculiar class of 
ph^PPjn^oa^ and that one comQion structure be« 
Ipp^toaJl, 



. The rocks denominated Transition and Se- 
condary in the System of Wernek, have, been 
long observed to connect, by insensible grad^- 
tion^, with the more primary strata. In them 
the mechanical aspect, or th^ deposit in a state 
of soft mud, has never been doubted, excepting 

in a -few cases''*. In this outline it is not at 

'* ■ 
• ' " ' . present 

* It is remarkable, that as inferences of mechanical ap* 
pearances have increased in the primary rocks, the tenden- 
cy 
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present necessary to treat of them at length* 
The origin of the greater number of them from 
the degradation of more primary strata, has 
been generally admitted, and forms one of the 
bases of the Wernerian arrangement, where the 
ancient liquid which dissolved the land, is sup- 
posed to have lost by slow degrees its chemical 
powers, and acted only as a mechanical agent. 
With the exceptions of coal, rock-salt, and shells^ 
we find no subtances in the secondary which do 
not exist in the primary strata "^^ Felspar, the 
principal constituent of granite, is presented in 
compact felspar rock, in secondary porphyries, 
clay-slates, and grey wackes, in various states of 

Comminution 



cy of the disciples of Werner has been to increase the num« 
ber of chemically precipitated rocks ; and tbus conglome« 
rates^ sandstones^ and grey-wackes^ have been all represent* 
ed as chemical deposits. 

Professor Jameson (Geognosy, 39.) terms a sandstone 
with a quartz cement of basis, a rock partly of mechanical^ 
partly of cKemicalfonnation. 

* These three deposits are related obviously to arrange* 
^ments different from those of the older strata* 
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temtomotibn and consolidation. In sandstone 
%ht quiattz of granite appears again over exten« 
sive tracts. Tfce secondary limestones roay 

kave derived their origin from the rocks of the 

' • • • /" 

s^ame material whibh existed in the first masses 
of land. Gypsum is found occupying beds of 
considerable extent in the Alps, as well as ar- 
ranged with clay among the uppermost of the 

strata *^ Where cihali occurs, it gives rise to 

. . ,» - . • ' . ' • ••• 

a' Very extended and flat country, like much of 
the south of .England, and part of France ; and, 
frpm the remains which it encloses, it appears 
most probable, that it is itself, along with them^ 
a deposit from, the ocean* 

All these secondary strata form far larger 
tracts thati the primary; arid the most fertile' 
and cultivated soils are found in th^m, and* in 
basaltic countries. They do not rise so high 
on the momitams as the older strata ; but the 

o extent 



* C^rptom itt midHrinlo oecurt in a bed in the higher 
Alps, iMT the VaUej^ d^ Cogne. It ako occurs at the bdU 
torn of St Gothard (Dr IliamBon's CSieniistry, 1817, itl. 
MS.) Brochant calls this gypsum Traoflition. 
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txtent of tl^e surface which they cpver^ gives 
rise to a more horixcHital arrangement of th^ 
beds, than is generally sew in the latter roclss. 
They are also more numerous in their varietlesy 
and subdivisions; for^ in deposits continued 
over larger surfaces, a greater variety of aspect 
might be supposed to arise *. 

V 

* Jameson bos oonjectared^ that felspar and diojcj^jie 
are nearly allied; and from observations in Arran^ Dum« 
£rie6shire» and the vicinity of Edinburgh^ that clinkstone^ 
|)orph3rry passes into compact felsplff and daystone. (Wenu 
Trans.!. S4S:)\. 

Dr MacCulloch has writtm. ezfeensively on j:cey<tivacka^ . 
and thinks it impossible to draw any exact linfe b^ween it 
and micacslate. (Gr^-wacka consists, of altered feigmenta. 
and grains of different rocks, in a cement or baais of day- 
slate.) tie thinks it probable tliat it will be found aher- 
liatitig with micArskte. — (GeoL Trails, ii. 417. 444. and 
yol. nf .• 36.) The Movatn€ Mottntains in Ireland, seem to 
be distinguished from the Grampians of Scotland^ by ha^ 
having grey-wacke instead of mica-slate above granite^— • 
(Dr Berger, iii. 123.) Jameson has traced in the Penthmds 
allermitions oC grey«w«icke and soediidaiy ckyidbte (Wem. 
Tr. II. lS4fi), and so has Mr Homer in Somersetshke^ (GeoL;. 
Tr^tiiwS44.} 

• Dr. 



Ih such a flttid asiis'suppbEed tO'havb left 
ftdl tfae'primary stratB, the di8turhances/whic& 
tnsued would be sufficidnt to break krto frag^ 

menta 



/ » < 

1 



Dr MacCuUoch's numerous observations destroy all idea 
of any line of distinction between primary and transition 
nxiks/ all forming a graduating series of one single fonna^ 

tM«l, 

In limestone there are no less fflngular anomalies to the 
Wemerian accounts^ Dr MacCulloch has described (vol. 
m. Sg.) the marble of Killbride in Sky^ as placed between 
regular beds on one hand> and an irregulaf surface of un« 
«tratified syenite on the other. It is often divided into ini^ 
tfttlttr portions^ suifrounded bysyeidfe, and then kses^aB 
sanManoe of stntUeatten. Though its hardness is ver^ 
utariable, (llO.) yet its aspect is quite primary and granu^ 
lar; pure in nature> excepting where it is in contact with^ 
the syenite^ or with trap veins^ when it is overloaded with 
sSlex^ magnesia, and argilla. Hills of trap suitnount it 
' AtlHeat^in Sky^abedof sheB-MmestoneisincIadedbe^' 
tween two beds of quarti-rdck, which alternate witb.nupa^ 
slate. In the same island, quartz-rock alternates with blue 
limestone and red sandstone, (in. 31.) 

. All these, and otheir appearances discovered by the same 
excellent observer, are entirely hostile to the Wemerian foi^ 
mations. No explanation of them has hitherto been pro^ * 
jiosed. .' ' .< 0.2 



ittents and disintegnte portions oi rocks newly 
formed, or in the act of dispotiting. Bttccias 
and congkmerated rocks of loHedpieces migbt 
tiios have their origin ; and the same beds, tt 
in the primary strata,, be repeated in successiye 
alternations* Lower and lower levels in the 
outgoings of the strata would follow^ and shew 

UA how ctosidy one principle ^s«cti$4. IP S^ 
ving rise to all the strata of the earth. 

" We frequently, (says Jameson,) obsferve 
^* in the same mountain,, beds composed in 
'' small grains alternating with those in large 
V grains; but we rarely find such an altema^ 
^ tioa in the saioe bed ; oa th^ contf^Eyi Hm 
^ lowest pslrt of the bed edntiuns^^ the Urgest^ 
^* and the upper part the smallest ' grains ; 

^' hence such an alternation of beds as that we 

. . . • 

have just described, is not tp be considered, 

• • • • 

as c(Hitrary to the laws of hydrostatics, as has 
^ been asserted by sbme *.^' 
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* Qeogaogy, p. 15& 
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The appearance of shells in ;liU these strata 
has given rise to a branch of Geology which 
has now adiranced &rther towairds perfection 
ti^Bln any other part of the science. Werk^r 
first discriimnated different formations by the 
petrifactions whi^h they contain ; and gave the 
iiame of transition to those strata, in which, ac« 
cording to him, they first foegifi to appear. In 
England and France, this subject, however, has 
been studied with &r greater attention and mi^ 
Atiteness of research, thAn in Germany. Mr 
SmiTil, the siuthor of the geological map of 
England, waft the first to ascertain, in Great 
Britain, the fossils peculiar to each bed ; and, 
at the same time, unconscious of Wemer^s 
theory of formations, to discover the constancy 
In the order of position and continuity of the 
^ secondary strata. The identity of the English 
and French strata has been since made evident. 
And those formations which have been, with 
propriety, termed Independent, because they oc- 
(rqpy only particular spots approaching to a ba- 

m 



sin or hollow form, having been correctly de- 
scribed, a coincidence has been established be- 
tween those of London^ Paris, ; aqd t^^' Isle of 

•Wight i|^. ' - /...,- r.' :: ! l ' . 

i: /: Ma Pakxiinsdn concludes the second ^vor 
lumeofhis^esicellent work on the Organic Re.- 
mains of a Former World, by a series^ of ijrfe* 
tdnces welLdcawn from the i&ct3. obs^rycd; Us^ 
is of opinion; that the shblls and coorak have not 
been, transported, but have lived: and di^drin 
the spots where t^fey are 3iqw found, and which 
constituted tb^ anpi^t bed pf the $$a ; that, 
vMl^ m^ny liiinds e^ist^d fori^i^rly, which we 
do not find now on our present sjiqrefi, yet no 
line of separation is drawn between the ipreation 
pf extinct 9ioA existing species ; the fornjer be- 
ing, in many strata, found djiotig with the lat- 
ter J and that* ffom tfe? 4?lip«t€ strttqtufe of 

'inany 



. * By Mr Webstei^j (peci. Trans, ii, ?6l.)jj nehoac de- 
scriptions connect lyith those of MM^ Cuyier and Brono« 
xiART, in the environs of Paris. — (See a genend view of 
iheir discoveries by Prc^es^or Jameson^ p. ^gi. dd edition.) 
^Mr Parkinson, in GeoL Trans, i. 324* 
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many of them^ compared with the little injury 
which they have sustained, their solidification 
was effected, in several instances, before the 
waters had removed from them *. 

Thus in the times that are past, we find 
that Nature, true to her unity of operation, has 
acted as at the present day. No blank ap- 
pears, — ^no space without existence, by which, 
like HuTTON, we could infer that the present 
land had existed as part of a world more an- 
cient than the primary strata. When it is con- 
sidered how rapidly many species of shell-fish 
propagate their kinds, farther observations may 
enable us to connect the appearances which 
• -■ their 



. * Beds of fineah-water slvells having been finind Mow 
and above those of marine shells, by MM. Cuvier and Biong- 
niart, in the vidnity of Paris/it has been shewn byM.Beu« 
dant, from experiments, that she!l fldi, of several fresh-water 
kmd^r, may be habituated to sdt>water, but that others re- 
sist It Observations also shew, that oysters and' muscles 
often proceed pretty high up m rivers.-i-Cuvier's Analysis 
f>ftiie Labours of the Instituteof France for 1816, in Thom^ 

» * • • • 

son's Annals, vol. x. p. 145.* ' 
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flieir fofisU beds pi^esent, .wUh^hose of fj^ore w- 
pent formation* We may be ^ven able, . ip 
tim^f to trace relations between the extesit of 
the strata of shells, and those natuval cbcoBa* 
rovers which we find ia the quantity ^ debris 
around the precipices of the mountains ^* 

On this subject^ we again, find a mark of 
correspondence between the best inferences 
drawn from petrifactions, apd the ideas giveo 

r 

aboye of the origin of the strata. There being 
qvHy one general formation of all stratified rocks 
in the same manner, only one formation of 

^ells found ^lojag with tlxe^v 4^¥ ^ ^^ 

pecCed, 

■a 

* The rolled masses below a diff^ or on the side of a hil]^ 
exhibit^ by their quantity^ the action of a period of time ftr 
^ma aaceo^iqg t9 veiy x^0iq \Be^»^i Tbn^ ^ .SaUbary 
Pr4)g»> ^jsee Ji^nvmpn, in Cuyiei^'A ^saay^ ^00^}-^*JCm/K i^^ 
CQifgietDied ap yfip i wes qf ^ }^ 'wxib ^ ,&^aajb' of al« 

saipd x^hiph bss.j^oirneJi^nii^.OY^blQwn coojndlF^Iik tracl% 
apd with; the. extenf of cor^lre^. Tl^ese sbi^^ that no 
Vfsry ]fimg period of time. hs% el^p?^; btft.obs«sni«tioiis «f 
t}u8 kind muM; be alwflyt more ar loss mpffsa^S^ from tl^ 
want of exact and remote historieali evidence^ ' - 
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pected. This is Mr Pabkini$on's conclusion ; 
and it nppims to be mpst consonant to all the 
fhjenQmena yet observed. — ^No shell has yet 
been traced in granite or trap ; but beds of. 
Iimesix>ne9 containing shells, have been found 
resting on both rocks \ 

* 'On no mlsgect have some popular writers detcanted 

fsmf, thw.on ibe timereq^iiredtafionaApetsffiuetioii^ 

to xemim the organic loatterj and «ab6titD|te in ita room 

junestone or flint. TheprocessbyirliichtbisGanbedcm^^oa 

finy probable siippoaxtion, has been already explained, a$ &r 

as our present knowledge appears to admit of. The appears 

anoes of 4nany epeamoM sAiew us, that so flv fi»in being a 

llowy peUifiiCtion may b^ avery rapid procesa. In Ae Cubbn 

berlanfl Bunes, the square wooden qieuta are cmqipletely' 

koftegp^Xed with a calcareous 'st^Jaedte in i^NMit twenty 

j^ears* Ip thpse qpedmens of petrified coral^rodL which are 

Ibro^ght ftoia the island af Antiigaa^ we have often, in fbur 

indiea sqiiaca^ unchai^ipd cofaL at one end, ind at the other 

Hnaiitc-evyftalfl^ the intamicNliate ujfactf bemg ocoqpied bj 

tha 0Baiaitia^ &om ebmiging coral tfy> dieit, chalcedkmy 

{with smU prases ci quarta^erystala), and quartz. Now, 

intMs ensfr^'ifittjr'it not be inferred; ftom the analogy of 

paaof^ikBt examples, that had the peteifying process been 

a slow ^imige, it wcmld have gone on prettjr unifbrndy^ 

within Ik ffftite so small a^ ilatxr indies, and lAot have pre« 
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Though carbon is Vaid to be foudd in soHie 
tsap^/aifd though it has been ditioover^ld latdjr 

occupying; 



Bented transitions so rapid^ aa, the passage fix>m chert to 
quartz ? Whereas a rapid alteration might be easily sup* 
'posed to pfoduce a fapid transition. 

4 

Having given 'some attention to this subjee^ and odi* 
lecfeed many specimens to illustrate it, I was pleisfled to find 
this view confinned by an inspection of perhaps the largest 
mass of petrified wood in the world. . It is a mass of the lower 
part of the trunk of a tree, lying a mile below Crumlin, in 
a stream which enters Lough Neagh^ about two miles fixmi 
tha^t village. iTie qpedmens of wood from that Iske, and 
its supposed petriQring quality/ are well known: the latte la- 
mented Mr Tenkant found no silek in its wat^; and se- 
veral a{^»earances shew> that die aMe^ed woods' bad been 
formed at some previous sera.— The sorftce of the mass al<r 
luded to, is about five f^ by six; one-half is undianged 
in texture^ and will bmm without flvtae; on^hidf is duin- 
ged to fiint of greater or less fas^ftiess; in the-eatitite and 
vui&ces of which^ dmses of niinute quartz-<if;^slal8 appter. 
The separation betw^^n th^ diahged and unsiUeified part is 
very gradually marked! Here^ thei'e is- nptfaing in thepo*- 
sition of ^ mss9j nor in hs'ni^ilurej whidi can expkitt the 
partiality of the ' process. The ^ stUdfi^ paM are pretty 
equjJly distributed throogh those that are unidt^d. Had 

4 
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occupying, in the iform of giraphite' ot pluiri- 
})ago, the place of mica in a prkngfy sbistus^, 
yet tlie clnef reservoirs of it are limestone an4 
*hfi atmosphere. Th?; proofs of the origin of 
cppl from wood hav^ heen frequently collected. ' 
The. e^stence of this substance along with a 
peculiar . series of rpcks, io independent formar 
tions^ sanctions this idea of its ortginf • But 
we Slid in coal the same piiiu:ip}es nearly as in 
wdod ; there are mines whfete the. cpal is conr 

. stituted. 



W slow change^ acting for age8> heen the cause^ the whok 

tfunk would have been gradually affected. But in a rapid 

• • • • _ • • • 

change, time might only be allowed to silidfy a part ; and 
auch axq»id Ibrmadonof sLUceoiia matter in ^the vegetable 
Utructure can alone account for the appearance. The pile 
of Trajan's bridge over the Danube, said to be partly changed 
to agate, may be a slower formation; but from all the pre- 
sent appearances, the deposit of flint or Ihnestone in a shell, 
a bone^ or a piece of wood, may be a deposit of the most 
rapid kind. 

' * Iti;lS]l5>nearBeauliqr, Jb inveme88-8hire.*^Thetni# 
telatidn8^4birbont0ttapat«iBtiU uncertain. . > 

• • r » • - » 

t Jameson's Geognosy, p.l 8Q. 



• ^ I 
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ilituted df altered trees^ ^h t&e woody testate 
itn^^ng^; snpresiioiis df ferm, r^eds^ anJ 
«tiier ^iuit9][>e^f^ar to woods, are discovered in 
tibe strata sear k^ or in the gandstoiK wldcll 
ewers It ; aiid parti? of it^ substance pass int^ 
m^ pienetrate the bituminous sbistus wbich is 
always ^osiieicted with it. The approachen 
WMcb are made to coal by the contkroed action 
oi water on wood in the lower strata of bogsi, 
sCr^igthen these ideas of the nature of its f<»w 
matkmfr 

Dr MacCulloch has lately shewn that 
lieat of itself cannot convert wood into coal ; 
that in natural processes water changes it to 
iHtiwneQ^;and that jet may by heat be altered to 
eoaL In his eicperioienitSy be blackened darf 

With 

' ' . ' ' .. ' V " ' " ' ■' ■ I ■ ■! I I .1 

* 

t See the account of the submarine forest oil the ooaA 
of Lincolnshire, in Ph. Trans. 1799> P* 145. and Mr Hat- 
diettfs ebsenratisnftoitths dUnge of Bom* of tlmprfneiples 
of vegetables into bifenneii, Philoe. Trans* 1804^ p. SS7- l9 
GeoL Trans, in. 380. Mr Homer describes & submarine fd* 
rest on the river Parret, in Somersetshire 
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*mih jet, so as to produce an exact resembknce 
to bituminous shistus "^^-i— It is not improbable 
that the presence of steam, aided by compresiiony 
may produce at once that change from woo4 to 
coal, to which approaches are seen in the slower 
agencies of water at the present day. 



In 
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^ CeoL 'f nai9. n. ^3. 
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tn the deaser masses of the globe^ the me^ 

at • 

tallic hascs of the earths may be thus inferred 
to exist, mingled with the other metals, some- 
times in a more compound, sometimes in a purer 
state. The presence of water gives rise to a 
new state of things* Ignited masses of earthy 
minerals are formed, which we have already 
spoken of as being chiefly granitic. The genc*^' 
ral form of our islands, primary mountains, and 
volcanic hills, exhibits more or less of that co- 
nical aspect in which these masses were thrown 
up*. That water was previously present, is 
concluded from its being found in all the rocks^ 
from the figure of the Earth, and from all that 

has 



* Most writers renuork the conical aspect of granite imd 
poxphyry mountains. Perhaps the finest view of this kind 
in Scodand, is that of Ben Nevis^ from near Achnacrags^ 
in Mull^ at a distance of forty miles from the mountain. 
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hn^ bepn ^aid of ^he aie?faailicfil . oaturd of the 
strata^ . Ite steam may aj$ist ia elei^tlfig these, 
or^ore pirpbiablyi this ofiginol formation may 
be owing t<>;t;he erpaoftdn of the solid materials 
of the globe from theif qombinatton with it» 
pxygen, wd the ; consequent ' prefs^re , pixfduced 
on some points of a level add semifluid 'si9rfa6e« 
As the pyramidal and heated mas^ros^r above 
the wayes^ to a gigantic altitude of many miles^ 
they would be subject to an immediate and 
most rapid degradation. . The waters around 
thpm,. Ti?Qre fluid, &om: the heat;> and/jmore 
active ftom the currents which propagate ca<* 
loric in all warm liquids, would receive the im-» 
mense debris* .The largest fragments of fekpar 
and quartz wpuld V^ first produced, and sooaest 
consolidated. As the degradation became less 
rapid, quartz and mica, with less felspar, would 

form 



* That the water was salt, like that of our present 
oceans, maybe inftnred with some probability from the atu 
meroosexperimenta of Sir H. Davy^ wko> l)y the Voltaic 
action^ found minute. quantities of soda in & great variety of 
minerals. — Philos. Trans.. 1807/ p* 10. 
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£atm the newer layers of gndss. Where the 
mica fell more^ slowly, mica-slate strata would 
be deposited. Grains of quartz would accu* 
mulate into quartz-rock *. The finer particles 
of felspar, of a day aspect^ would precipitate in 
clay-slat(. Where a greater heat acted> crys- 
tals of felspar would form in the basis, and pro- 
duce porphyries f. All these strata, deposited 
on sloping sides of the granitic pyraxiiids, would 
receive their consolidation in that position, and 
their 'mantling shapes ahd bendings would fol- 
low from the inequalities of the surface on 
which they rested. The heavings of the fiised 
mass below, ahd the heat which it would pre« 
serve, would give rise, in some cases^ to new 
distorbai^es of the layers already deposited; 

in 



* It is in the chain of the Ourab that the tnaf^^l.^ of 
gHmite have been dis ti' ibutcd on the greatest scale. TKei^ 
one entire mountain is of quartz^ another of ^Ic^ a ibitd of 
felspar^— PinL.Pebndogjr^ x. 14S. 

t Many porphyries appear to have been formed in tbis 
iray : many cnnpletely fiised; as in the instance of veins 
of porphyry traversing granite. 



in others, the strata depositing next the granite, 
being heated, wouldyfrom the expulsion of their 
water, contract and open in fissures, through the 
ramifications of which the melted granite rising, 
would present the irruption, of veins in the shis*- 
tus ^. In the state of a wet or heated paste, 
other masses might,, from compression, assume 
the wavi4 aspect. 

These operations, carried on under the wa** 
ters^ would be increased by the rapid disinte** 
gration of these slaty roc)(s, as they were form<> 
ing* Finer and finer particles would thus be 
attained, and be carried to greater and greater 
di^stances from their original source: Just as 

the 



* This explanation connects the presence of the granitic 
veins with the cause of the fissurea: a circumstance which 
I am not aware of having, been before observed. It also 
distinguishes granite veins^ which are often branched' so 
mhmtely, and have risen up throi^ strata when d^posit^ 
ingy in consequence of fissures made in this mode, (See 
above, p. 118.), from whin-dykes, where the greenstone 
has been elevated through fissures that are unbninched 
and made in strata which had l^en previously consoUdated. 
or arranged. 



<lie itrntgoings of {be strata of eky-ttete set matt 
extensive lAian thofie of aki^^^ate ; of iiiiba^ 
slate than ^eiss. Front thJe AisTntegrktiOfi of 
fhorpfayty aihd liinestone, and Ifhe longer s»peto-i 
Bion tMid easier de^adation of the liat rbck^ 
fhany of Ihe secondary strata would ^radbsffiy 
fan dbWn; The gerieral dirertion of all the 
strata, excepting those immediately envdophig 
the granite nuclei, would foHow from the im- 
pulse given hy the waters to the matter which 
they contained, by file action of a general m:o«- 
tion of the waters, connected T^ith the rotation 
of the 61obe.«^As the cooling of the centnd. 
mass must goon more slowly frbmthe'nature 
xyf' the envelopes thus produced, a provisiox^ 
would arise for subsequent disturbances, for the 
origin of basalt in many places above the newest 
strata^ oni for its pKipuIsion upwards in dykes, in 
consequenccof its expansion when fused. Those 
parts where the ignition had continued longest,, 
might at a later seTR discharge their baflalt «i»l 
greenstone rocks,, and thus present the last change 
which many countries ha^^e uoderg^ie from the 
dominion of fire. In the spots where it stiH 

lingered. 
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fingered, or when there was % mote tesAy 99-^ 
ee^ of trster to the metallic ouckus^ our ^ets^t 
•Volcanoes would form their pcodnots^ either in 
the air or below the vrnvts^ force their w4y 
through bed& of porfdiyrj and lioMsstooe, raise 
their regular cooes^ emit their stresms and djkes 
^IcM^a, and present us, after intervals of repose^ 
with operatioas comideiablj analogous to those 
of a more gigant^ kind, which had raised 
larger masses of continental and insular land. 



When we tread, ^ the present day^ the 
sammits of primaty mountains of the first order, 
the sentiment of solitude which fills, and the 
expanse of the prospect which arrests the soul, 
gradually give way to the particular examina- 
tion of the scene. Here is the true theatre of 
the Science, the fountaia of sublime specula* 
tions, the connexicm of life and mind with gi*and 
imagery and impressive views. We stand on 

r 

peaks of granite, emerging from a dense cone, 
or on loose blocks piled up in pyramids on the 
adjjpe of tremendous precipices. . All around are 

^ 2 ruins. 
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hiins. The quartz, which has i remalhed aft^r 
the decomposition of the felspar, exhibits, in 
large grains at out feet, the oldest and most in- 
destructible substance of our world, and recalls 
us to the shores of the ocean, where it is^qually 
abundant, after survivmg every change of 
place ^. The larger masses of rock pioolaim 
their descent from a greater elevatioA j or. assume, 
on level arid desartplains,^ the direetion in which 
they had been left by the last wave which pass- 
ed over them f . The waters have indeed pass- 
ed, but have left every where the marks of 
their overwhelmii^ power. . In the distant 

ocean. 



* Mr Jameson (Wem. Tiai^. 1. 1(^) aska, " Is it pro- 
bable that quartz will be found to be the oldest rock of the 

... I, . • 

crust of the Earth ?" The consideration of its occurring in 
every situation, answers this query : in this respect, quartz 
«, pecolnir amdo^minerak 

t The mountain Benybourd, in the Forest of Avon 
(4000 feet), and those larger masses near it, Ben Avon, Ben 
MacDhui (4300 feet), have several sqiiare miles df flat 
summits, where all the gnnite sbbfl have taken pMHs<li» 
fr<Hn the action of water. 
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■Ocean, often diminished to a i^lvery line, we de- 
scry the womb of our continents, and perhaps 

their grave*. A multitude of pyramids ap- 

If 

pears to range over a vast plain in no certain or- 
der f 9 (^en losing their summits in thick masses 
of clouds, and ofiten presenting fa9ades of rock, 
• which are resplendent in the sun-beams. We 
observe, that on the west they ascend with a 
gentler slope, and that their eastern and north- 
eastern sides frequently contain perpendicular 
precipices of great elevation f. As they dimi- 
nish in height, or fall away gradually or more 
suddenly into level tracts which extend to the 
sea, we are led to the ponsider^tio^ii of the vjal- 

leys. 



* Milton> of Chaos^ Par. Lost, n. 911. 

t This is the general nature of the view^ as it has ap» 
peared to many observers in alpine tracts;--^o Saussure mxuI 
others. 

i Confirmed by many observations. Patrin has noticed 
"^Ae eastern preeipioea of tib^ Dourian mountains. See Bap 
viand^s Travels in the Pyrenees, (p. 10.), where an eastern 
direction is also seen. 



lejs, aad of the riyeir 9 whtch. imv^ne them ^ 
These present generally in$irk&of a great reguls^ 
rity Ia their developiMnt j;^: As we bc^ to 
trace theoi^ Srom th^ pure riU which nsea at our 
feet, fed diJj by the raitis 6s themeltifig ^aw9» 
' lire cbserve the first i^ayioes occopied by Water, 
ited crowded with masses of mckm Thepe streuxi^, 
as they descend itita gjifsn^ of considerable iacU- 
nation, in courses waying ilk the detsiil, bist 

straight 



* That valley Si have been formed by the actioQi of |' 
ter> is a truth so obyious> that it is remarkable to find that 
it had ever been doubted* The |nrineiple8 of sneduszical 
deposit; and consequent softness, and gradual hardening^ 
afford every explanation of the formation of the great val- 
leys, where every hill bears marks of the action of Water/ 
In a low and fiat tsact^ the present stceaois are saficLsnt to 
penetrate their course; never in a higher country. , 

+ The valjeys of the Alpe are either loi^tndinal or 
transverse: in Jura, most are longitudinal; in the Pyre« 
nees; they are nearly at right angles to the mountain masses. 
Sba Jousn* desi Minea^ K^ Hfi.^ — bk Devoxislm^ Dr Beiger . 
iDttnd all the valbjjs simikii* and perpMidieidar to» the moai^ 
tBiiirplaiBcifDartm£Rir Foica^ whesce Itey dbse^d'MpGe^ 
Trans, i. 118. 



'6tfaight in the general direction^ are hoti 
liMi tiie debris oi^ the mountains around ; 
<the slopes of these mojintains are often entiifefy 
^vcred with it* We observe, immediately, 
4that the masses of rock, which bear evident 
marks of ha;ving been worn down by watef, are 
too lai;^ to have been put in motion by the 
present Weams, and that indeed the largest de- 
bris is never seen beyond the higher and more 
■dlevated Jiarts of the valleys ** When we fol- 
low the river, we find in these alpine valleys, 

no 



^ SauBsure was among the first to make this remark^ 
trhidi is so evident from all observations : *^ It is an im« 
poitttit obsorvation for the theory of the earthy that ia the 
upper parts of vaUejrs, snxroimded with Idgh mountainsj no 
rolled pebbles, foreign tp the valley itself in which they are 
met with, ace discovered; those observed, are all spoils of 
Ae adjmii^ meuntttas. In the pkina, oa the contrary, 
and at the openmgs of vaQeys which adjoin the plains., and 
even some way up tbe sides of the mountains which bor« 
der on these plains, pebbles and blocks are found, which 
might be said to have fidlen &om the heavens, so different 
iDrtheir nature are they from every thing found in the envi« 
rpns." — § 717r 
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no roUed rtones which are not the spoib of tbc 
sorrponding cliffs. Thcjise cliffs often rise with 
Qraral precipices, sharp peeks, and rugged scars, 
which strike the eye at a great distance, and al- 
low us to distinguish the nature of the mountain 
from its- aspect in the landscape. As we gradu- 
ally emerge from these rocky walls, the slopes be>- 
come gentler, the openings wider, and the de- 
hris more varied. Thie valleysi, now leaving the 
mantle-shaped strata, are so^c^ime« parallel to 
the hQds of rock, apd sometimes cross them, the 
former heing generally the deepest. Large 
blocks of stone still continue to appear on their 
sides, of a size by far too great to have been 
ever put ip motion by the present streams, and 
often placed at a distance from th^ir present 
banks "^1 but bearing the deep^iyom improssioua 

of 



* All observers have traced marks of two diodes in 
every valley ;~-oTie^ from the effects of a larger stream than 
BOW rolls in it; the other from the present river.... Amongst 
many appearances of this kind in Scotland, the blods in 
the course of Glen Dochart^ above Killing are among the 

most 
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of the currents which have channelled thetn, or 
t)£ the rocks which, resting upon them, have 
scooped circular depressions in their substance. 
The rivers continue to roll forward, often 
through openings which widen and contract 
without any apparent order ; their waters some- 
times expand into lakes, and indicate periods 
when the outlets of the valley, often narrowed^ 
stood at a higher level than in the present day * ; 
sometimes approaching suddenly to narrow pas- 
sages in the rocks, they descend in cataracts. 
When they reach the low country, the debris 
diminishes in size ; and when a tract approach- 
ing nearly to a l?yel pl^in is entered on, they as- 
sume 



moft perfeet exa]iiple8.-^The alluvial terraces often seen in 
the ooorses of rivers^ are either referable to the larger streaiQ» 
or to the presence of ancient lakes. See Jameson^ (Wem. 
TniDs. yoL ii. 1818^ p. 6S0. note)^ who mentions his not 
jiavxQg met with any of these terraces high^ up on the sides 
«f the valleys of tiie Grampians. 

* Dr MacCulloch has lately published his examination 
of Glen Roy^ distinguished by the minuteness arid clearness 
which give value to all his accounts of geological phaeno-* 
Daenii."— GeoL Trans, vol^ iv. 
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fume meanderuag aq)ect% m c^rvfs fiir morr 
prolonged thaa when they rpUed amid the hi^« 
er tracts of the mountams ** ¥T€quefA\y rivecy 
traverse plains of this kind for hundreds of miki^ 
9Bud horizcH^al stmta of clay and sai^ without 
a pehble or a Hbck in tb^ir comrise^ tttt^ like tfaf 
Gai%e» or th^ Orinoco f , they qol<!Har to a gscsit 

distance 

* Tht nnwindfersof riverg conanCTce n^flie ggidy plaiirt 
of the momitaiiiSy and aire dependeat fin: tiieir tiunbcr ml 
size «itireLj(»i the indination of the valleys throt^h whiek 
they flow* The changes of the Ganges^ described by M»9 
jor RenneQ^ are seen in miniature on a sea-beadh o^ pure 
sand^ in th^ channels formed by omall streams at the dbb^ 
Ing of the tide. 

t See Staunton^s Embassy, for an account of the mud 
ofihe YeBfyw Hhm, and its entrance Bite<hegteftrfCli|ifi«iH"< 
It was fh»n f&4 alferatMm of ccAo«t in the seftj Art 
btt9> fa his thii<dT6y2^eyih^#r^ ins approach fd* 
American condneiit,Defbte he casne in sight of [fbe l^lv* 
land at the moii^ of the Ormoeo^ D> ISdigetit (Ge^ 
Trans, i. 75.) expresses his b^ltef lift llie rivel^ &^ki9(^ nait 
Amazons having fozmed all the line jcf£ coast, and gxeat ex« 
tent of Gountry, between their extreme branches. See also 
Lochead's Observations on Guiana, £din. Trans. voL iv^ 
p. 50. for some interesting details on (his subjeett 
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distaoBce the waves of the oceaiD with the im^ 
fnease qtiantities of finely divided scuU;f er v?faich 
ilie rifw£ty of theic xnotiori enat)Ies them to re^ 
taiiu 

Wh$it noUev enjoyment arises in the mind 
l&aii to aws^eh it to these views I What more 
de%fatftil task, than totrace, in aUthe arrange^ 
ments» the mtt marks of a First Cause, acting 
hy regnki? laws, hringing order and utility out 
of ih^ apparent elements of chance and confth 
sion, connecting the precipice of the mountain^ 
and the wave of the ocean, in one muti^al depeh« 
dence, and rendering the whole suhservient to 
the existence of that quantity of life and enjoy- 
ment, for which all has heen contrived ! 
. . We tface, oo the sides of the Hu>antaina» 
the ia»e«ndfng vapours^ aiid view them: coadezt* 
sing in dews and rains, or falling in the evenings, 
io rest as mists in the deep valleys *. We ad- 

mire 



* A high Bocmntaiii tract ftferds the fioegt cxemplifica** 
lions oiDt Htttlon's adminMe theofy of nk^ froia the meet-* 
m^ oi qirra)t6 of aif pf diffident tempentfttteb In soaoM^ 



m 

mire that perpetual circulation of watecon our 
wc>rld, which connects the minutest drop that 
descends, with the fertilisation of the land, and 
the immensity of the ocean. We endeavour to 
explore, hy the direction of the clouds, the mo* 
tions of the currents of air which constantly 
blow over these elevated tracts* We seaich. 
the summits and the ravines for those rare plants^ 
full of gracefulness and beauty, which alone. are 
able to sustain th^ lowness of the temperature, 
and which have never descended ipto the plains *. 
In the dispe]rsion of others, and the heights at 

which 



easesb the Tapour is precipitated so rapidfy> lliat the most 
extend9d prospects are obscured almost iastantaiieeiialyr 
Tbe dense sea pf vapour which thezi surrounds the obeenrefi 
concealing or 4i8phi]ring the p^s imd precipices near him, 
giv^ rise to very noble scenes. 

♦ Dr Wahlenberg has given a most interesting view of 
the gradwd decay of vegetation^ on ascending the Lapland 
AIps^ tracing the plants minutely. See Linnaeus' Iiachesis 
Lapponica^ by Smidi^ voL ii. p. 272.-- 282. See Humboldt'^s 
late memoirs; and interesting details by Murbel^ in Jounjal 
of Science, N« 3. 35. 



which sotne grow *, we find ttaees of the rnoim* 
taixis having afforded the origin q£ the vegetslble 
tribes^ as they have givfen rise^ by their disinte- 
gfation,.to all the low land. — ^Yet all these^ and 
other pursuits, fade in interest before the sub- 
ILme scenes and conclusions of Geology^ Here 
we have only to lament deeply , that in a sdience 
:Which will soon rank among the noblest employ* 
inents of the mind, we as yet tra<;e imperfectly 
all the laws which have arranged that world 

which 



• -•- 



* WOldenow hsd exkmmed t&is suiject with caiisider«i 
able diligence; but observations are ks yet incomplete^ 
(Principles of Botany, 2d edit. ISII, § SSi. § 376.) Pri<> 
mary mountains are the richest in plants. Great Britain 
has the Flora of the North of Europe, Norway, Sweden, 
and Ltfplaiid; but the mountains of Scotland exlubit in 
their jrianta a dodnr ccmnection tirith Norway, than those 
of England; and in Cornwall, many plants of the Pyre- 
nees are observed. This subject connects Botany inti« 
mately with Geology.*— Humboldt's researches on this 
head are extensive, f Tableau Physique; Memoir oi^^ Iso- 
thermal Lines, Sfv.) He has shewn how to determine, a 
priori, from the plants and the latitude, the height of the 
mountain ranges of central Asia. See his tables, ifi Dr 
Thomson's Annals, vol. vii. 385. 



lotibfigp the ssraifty t^d^^trojing and cn^ini; 
"poweri^/ the aw&l lUfed sublime ap|>^Tances; 
opdratidm not mometitary, but' acting on the 
greatest massee^ and for ages, equally in the 
grand and the mkmte^ forming a cdnntry^ or 
Weai^ing down the roelos of a "vraterfall ; the pre-- 
sertatkm of life amid such sceneii ; bII recall tht 
lines of one of the sublimefit of Bards, when 
Viewing a most impressiYe Alpine spot^ 

Cxffiflentiarem conspicimus Deum ... 
Per inyias rupes, fora per juga, 
Qivosque prseruptos^ sonantes 

Inier aquas^ nemorumque noctem *« 



The great ntasseisl of alpine, land ^dppter thlis 
to have been formed in separate chisttfrsi ttnd im* 
mediately and rapidly disintegrated. The idea 
of all the great chains of mountain3 proceeding 

« 

from 






* Gray, Ode written at the GxaQd Chartreusej Bcac 
Grenoble. 
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|r0Hi.N*:to S.^ ^hkch irat long a favourite spe* 
<(ulttion of aoBD^ gjeolf^ts, has^not been coiH 
firmed by caxtfiiLexanunatkyaLC duiinct txacea 
of it appear 00I7 in some ranges. ! .The: first ele» 
TPtiws^. whence the rest of .theikad.was fonn- 
edy se^aOf a^ far m lias bom ]^et observed^ fre« 
queotly tosuxtound each other, without luvf 
precise order, exactly as we might suppose from 
the action of that power which elevated them* 
Hie $i» of the original piountaans may, in 
in^ny cases, be inferred from the extent (^ the 
territory connected with them. Thus^ in Asia^ 
the central land of the Himmalay and Tibe'^ 
tiaa mountains has been lately shewn to be the 
highest on the globe ; and Asia is the most 
continuous of the continents. From volcanic 
chains, Hke those of the Andes, the same infe^ 
rence cannot be drawn with propriety. — Wo 
do not observe any definite relation between the 
height of mountains, and their distance from 
the equator. The Alps are in lat. 45®. ; but 
Mount St Elias, on the N. W, co^st of Ameri- 
ca, in the sixtieth parallel, has been estimated 
Ht upwards of 12,000 feet in altitude. More 

appear<i 



/ 
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appearSvto depend upon the'imtnre of the recl;^ 
the quantity of its degradation, and' the sera of 
its origitr^ than upon the relative position of the 
inoantain.on the sur&ce of the globe. 

Volcanoes have been too much enlarged in 
importance by some writers, and too greatly di-> 
minished by others. They 'must always supply 
one of the noblest fields of the study of the 
glpbe. Though nearly two hundred are more 
Qt less active at present, yet, excepting in 
South America, the space which they occupy 
^ not v^ry great, when compared to the surface 
of the world. When better criterions. of mine- 
rals are established, it will form an interesting 
branch of Geology, to determine what countries 
owe their origin to volcanic fires which have 
acted in our atmosphere, and what tracts have 
been . entirely raised from the deep by their 
power *. 

The. 

* hufton, and other writers, deny all stratification in 
volcanic districts. Kirwan^ (Geol. Essays^ 265.)> who is of 
0pinion that Vesuvius and Etna have not formed their own 
cones, and who acknowledges the conical slu^ of many 
granite and poiphjrry mountains, gives regular series of 
volcanic strata. 
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The necessity of a minute examination of 
♦ Y* every district, is no where more evident, than 
when we consider the quantity of transported 
^ racks^ whi$:n are found in many countries. This 
' suTjject forms a part of all theories. So great 
has been the degradation,, that comparatively 
but few tracts exhibit large continuous masses 
of granite at the present day*. The first de- 

« 

bade, we have traced, not to an accidental or 
. . an unknown cause, but to a necessary part of 
. the formation of the world f. In many coun- 
tries, and at a distance from their mountainsj 
extended plains are ofteii crowded with large 
blocks of stone j thus the sandy tracts of Pome- 
rania and Prussia, on the south side of the BaL 
tic, contain numerous masses of granite scattei;- 

ed 

■ ■ >/ '■■ " ?■ ; ■■ < * ■ ■■ '-■ T " * ■ ■ '■■■' ' ' ' ■■ " ■ »*■ ■ ■ ' f 

* This was observed by Dr Hutton^ (Illustrations^ 305.) 
though he gave to granite perhaps too small an extent 

t Humboldt has inferred^ that the directicm and acdi- 
Yity of inoimtain-raiiges are ph^ntmien^ posteric^ to the exr 
istence of the grand strata which compose the crust of the 
esa&x, and out q£ which he considers these Snequaliti^ on 
the surface as having been formed. 
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tocks once occupying the. spots of the present 

m 

deposits, or that they have been conveyed from i*' • 
a distance, and been rolled, and worn during'^ !' 
the operation. En several cases, the applicatio qa'^^ i,' 
of both these principles may be obvious.- .NoR'^y • • 
is water the only transpprting agent wHiph w?- 
can employ. The apped^rance of flpating ismndSs f « • ^ 
of ice, entangled with soil and trees, has .beqpu'fs^- 
observed, and forms a very pr9biable origin for.*'- v 
several of the phaenbmfena. Tiius, oa thejskeres , . • 

of the Baltic, the blocks of granite occur gene^ s^^ 
rally on the summits of the sandy hills ;^ and*,. . ;•' 
none are found in the lower grounds^ Thes# ' > • . 
summit!? would afford the first resting places ", ,■ 
for the masses of ice on which such blocks float-- ' 
ed, as the waters retired *. It is -ic^ptt diflfcult * * ' . 
to determihe, in the present imperfect state of ^ 

observations^ 



t See Sir James Hall's paper oix the. Revolutio];i of the 
Earth's Surface, Edln. Trans, vii. 139- From, his calGula- 
tions^ (p. 144.) we may infer the great elevation of the ori-* 
giiial mountains. Afie^ acknowledging a debacle 'with 
Saussure^ he finally indines to the apitdiXi given in tile 
text; 



^ • 
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. ^ observations, which of these appearances we 
should refer to the last action of the waters, and 

• which to an earlier change. When more coun- 
;**-.. tries are explored, and more phaenomena accu-^^ 
'" ^ : znulatedy thb may not be beyond our power. 

• ;^* The gteat changes which have thus been 

*^'' ^traced, an^ tp which we owe the present ar- 

'iitogement of the worjd^ have obviously had 

t^ir origin from causes which are not now to 

• '. ** '1[)e observed in action. It is an interesting in- 

'- \^' fl[uiry, to consider those changes of a slower 

'^ / ^ kind^ which depend on causes constantly acting 

■ 

• at tho present time. 

While, the Huttonian Theory is defective 

. %» in proving the present existence of a great cen-r 

tral heat, it is not less imperfect in its other 

• principle, that of a general decay always going 
• forward on the land, levelling the mountains 

with the plains, and conveying the materials of 
both to the ocean^ during a prolonged series of 
ages. 

It 
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It i$ tniCj that ^ mechanical^ destmelicHi ' ,, 
takes place to a certaih extent. Heat, Ught, ^ • • 
air, and water, are the dgenls. When the sun's ' "^ 
ftys shine on the cliff (St side of a mountaittj '. *!. • 
they expand the mass, and rendteir it liable to,- , 
separate. The daily variations of tempejsiturc -^ -" 
must be supposed to act in the same moBe on • 
large as oh small surfaces. Air, always holdirig , * 
aqueous vapour dissolved, is ptopelted against ^]^ 
the solid massed or the mourifeins, by stomk 
and tempests. Water is' present in ^ixtell quaxi^ 
tity in the composition of ioiany mineral's, '€v6A ^ • 
in niarbie, which, when pounded and fieated iil 
close vessels, gives otit' steam. Tins Water as* 
sists, more or less* in the destruction of afl 
rocks ; and when it is lodged in fisisrores, and 

converted by cold iirto ice, the destruction goes 

. ■ ■ • 

on with greater rapidity, because no bounds can 
be set to the expansive power of the fiquid whea 
in the act of freezing. 

Granite decays in a mode which has been 
frequently described, and which we find exem- 
plified on every mountain which contains it. 
The iron of the felspar is one of the greatest 

decomposers 



• * * • 



^ deoomposets. dT' rodbi When, jt is aeted 6a, 

: and- its* degree of oxydstum or of hydpaiture 

ebai^ed, tiifi' patai|b of ^ ti^ fidspar x^ soon dis- 

sol^ned and; caaried off \>f tlie waters,, a fine day 

' * * ,ilbodiiufig bdiistd a»iniid tb$^ pai^tiplosof quiirtz^.* 

^ \, The; porcQlftin-clax of om 5M>u»tfiins, and the 

^ » k$ifli»Qf Chinsa^ 9X^ fonpiy on ant^ysis, to coa^ 

^ ^ ti>in no ^S^iialk** Q wir the surfacie of mountainn 

* y ' of rejl granitic sUi thi^ crxposied and weather^- 

^ "^ /A^ica bidcloi hai^e ^.whiAQ aap^ct^ fconathis de- 
* »' * 

,. * * <^y*of thfjir folspiir f • The i^ods consist of the 

' . " IflWgQ gr^lm af qiiartzi,. wibh very little i^pan 

And( h^^nce, {or the purposes of pernianent ar- 

^ • chitecfiijc^ ' whitp gi^anites ^isc fay pareferabk ta 

red 



* £iflta^ caotains 71-15 sQ^z^ 1;5.86 ahun^^ hgiSf Iubb^ 

and 6.73 wa.tear.-^FququeUn. 
Porcelain-earth from St Yrieux in Frano^^ 6.1 silex, . I9 

alumen^ 12 lime. — Hassenfraiz, 

t On, jHinciples formerly mentioned, a true soUUion of 
tlie materials of granite need not be inferred in its deoom« 
position^ the mechanical d^radation being sufficient. In 
weathering, the constant application of water in rains^ may 
liave some effect in dissolving a stone containing potash. 
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rtd ones; becai|se» tbeir Mipar^<n)ii(siiiing les» " 






iron, they change more slowly. > . . - 

The appearances of decomjx)sing basalt are ^ ' 

well known ; they are accompanied by changes ' 

of colour in the stone, which have often been/** . 

mistaken for the effects of heat ; and it is only « 

in spot; where this substance has attained its ' ^, 

greatest hardness and fineness of grain/or where 

perhaps less soda is contained in the rock,* tfiat i^W' 

«. • • ». "■ * 

the alterations from time appear to be least. >> *^ ^ 
Such is the case at the Mole of the Qiaftt's ^ 
Causeway, and at the cave of Fingal ; while 
the debris at the bottom of the promonto* 
ries of Bengore and Fairhead. tends rapidly to 
decompose. 

These are the causes of the wearing down 
of rocks ; but these causes do not go far. Na« 
tore has set bounds to it. * We even observe 
daily how destruction is met by a renovating 
cause, which prevents the degradation from be- 
ing carried beyond a certain extent. Indeed, 
without some changes of the strata of the sur- 
face^ no soils could have existed, and no life, 
either of animal or plant. The layers of rock 

wear 
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^wesLV dtywn,*~the gt^iite nils into sand and 
clay, — and a resting pkce is thns provided Ifor 

^ the seeds of lichens, ivhich are constaxvtlj pre- 
sent.. These, adhering to the loose or the sol^ 
vsurface of the rock, wear it still deeper in tbdr 
.successive graierations, till a* mould is gradaalljr 

' finmed from their remains, mingled with tfas 
fi&ely divided matter of the strata. Other ve-i 

.. getaUes soop begm to appear, and, as they 

, grow, condense in their substance the carbon^ 
oxygen and hydrogen of the rains and the at^ 
mosphere. The moidd soon deepens; and as 
they die or decay, more perfect species succeed^ 
till a soil is produc*ed in which the trees of the 

'^ forest can fix their roots, and the toils of tiie 
cultivator be rewarded by the abundance of the 
harvest *. 

It 



* This view of the subject has been given at greatest 
lenglh by Wilidenow, (Prin. oE Botany, § 366.) He shews 
kow to the minute mosses of the Summits of mountains, we 
are indebted fbr the origin of our largest rivers. 

The great hairiness of mountain plants, is an admirable 
provision; for thus theur sharp points attract the dews more 
copiously. 
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It is thus tfiftt the dncoidpoeitimk o£ tbe*- 
fotkfr&viQBthe toU^ and exsn icn^vtf&k. as^^tbe 
rirers and tetrente beac dpwn ftieb)r dkiditd/ 
partictes from the hi^ tb the Iqnr tends- la 
the same mode ia wfaiGht they wc;KiBtSxst,pBOi¥ 
duced^ tilt allumL land is sHumfa^d^ and: the" 
qiaaiitit^ of ofisfiil suifaBe incrfeaasd; Qi^ t • 
{mrt o£ the subetance of tto nioiititams.reashgs 
tiie octan, ia rivets Tvbich flow thnm^. exteljdh 
fid tcuits. of very flat coatxtmy. Of iFhat tli».. . 
ocean' receives, a siaall pait may be diSBemi;nafcp 
ed over its. bottom, Imt hj fer tif^e larger qjaait^ 
tlty is. thrown back on die laisi^. Ininur^r^* 
able observations exhibit idafids of steid and 
mud fotxttitig in the months of; inneis.fi The ^ 

toeidency . 

* Many accounts of this have been collected. The 
llepusit of land foylite NHc^ixaff renwrod- Daini e Ha some . 
lailes £rom the seat since die expedition of St X^ii^^ 

t Mijov Bcnnell^ in hit vaeaaoir eat the Cangfe^ l$a$ 
fliippUed nianj usefy: factsiii^ tiiis sttbjeot, whiib t^ 
in the course of that rivor^^The baidBs at the iaondi of dw 
Thamea lequiie eonalaiit annrtjra^&on the Tsintty-iHbuse, 
sndaze ahrays thifiuig. Amca^ the latest obseneecsj aer 
Mr Fleming, Wem. Trans. v(d. ii. 1818^ p. 341. 









- the cbfxAift of 'maliei^inrdducal.bj the inkiteiid^ 

' yiffjg mriiooB of tiift fredii \i^9tep and €he tides. 

/. Mftay labtts ate ^radaaiLy extki^vmhed hi a 

atmlaar :iiBnnBfir ^. The watei» of the riv^rs^ 

h^fen eoAesii^ theab^ a«e ofilcD ttf btowft oe 

' muddf 'colfiors^ frc^m the stmta bwr wfakh ttey». 

haire passed | ih trsrecsing the expanse of the 

kbBt^ tbcy lose their vjAxity* and di^po^t thsic 

(KMiteiiiA } and afitr.leaiuJi^ thefm, tbe^i ofer to^ 

' / the c^e very puse and limpid streaim f • Mxivfr 

tmureMers hare denadbed thi& appejtraiice m the 

. '"Kibonev at its entiEanoe and at its exk from the 

Labs 

« ^ See many exainples of the basons br hollows formed 

by valleys^ in Jameson's Geognosy^ p. 22«p-^24. 

• 

t Thus the lakes in the line of the Caledonian Canal 
We gr^dfikny fUUh^ U][>, litcte of th^ir anavl<m passed to the 
sea.— It is Well kfiown^ th&t the Po and the Bhine have been 
sustaixied fbr centuries by anbankmetits^ like the Thamesj 
Hirhidi^ as high as Woolwich, is at oirdinai^ tides above the 
level of the meadows, and is upheld by walls. In these 
tamk, t&e^Md of the fivset. it niiedrby tbe depteit of its se^ 
«liiP^t» «Dd in tim€^ t^ tdiidrocy is t6 meticm the same 
Met which it bad once assisted to form. 
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Lake of Geneva. In mmy lakes in Sc^and,; \ ^. 
particularly in those which Ibrm'a part of t|^e - 
course of the Spey, the process is completed, • 
and some valleys in the course of that river are ;• 

seen, which were lakes at periods within the ' .• 

• • **• 

reach of authentic records, and those invito 'f . 

_ * 

course at present are gradually filling up^^^ ^ #9 ^« 

Dv Huttoit, overlooking all these, fi^rxna'- <^ . 
tions, saw Nature only operating in the work of ^ ' 
destruction, and pointing with h^r finger to a. 
period when no more land wodld remain *to he> \' -r., 
destroyed. Of the time necessary he ^as in-^. * 
deed disposed to allow a sufficient leng^ ; a&oT Hj^ 
time was necessary; for the wearing Tof the '''^^ 
rocks by the most tremendous waterfalls q£ y ; ^ ' 
Niagara or Tequendama f in a course of ages^% • 

18 • 



* In 1815, 1 examined the course of the Spey> from its 
source on the mountain Corryarick, near Fort Augustus, to 
Gordon Castle, with a particular view to this subject, to the 
Mature and accumulation of the debris, and to the formation 
of the valley itself. 

«f- Humboldt (Researdies, vol. i. 72*) has described due 
^nagntfioent scene in ^ ConcUllera of the Andesii perhaps 

the 



t 



» 4 




t « 






• is of no sensible quantity when compared to 
the size of the earth. Even here compensating 
causes are seen. The gulfs at the bottom of 

■ * i the cataracts receive the rocks which are dis- 

* .'-placed. The soil protects the strata below it 
^ ' s- I from farther change; and the deeper it is, pro-* 
i. .^ .^ X tects it the more powerfully. Every mountain 
\ * * ^ has its sloping sides flanked with debris, which 

> mu^ all be removed before the central mass be 

* * v' itself attacked. • In the precipices of the moan-- 

• .^tainijpr the sea-shores, the tendency of Nature 

. , ^ is, to heap up piles of rocks at their base, and 

:. thus afford them a shelter. When the ava- 

^ V v^l^nche descends in an alpine tract, the ruins are 

;^* too large to leave the valleys into which they 

. iare projected with such sublime terrors. And 

' the highest peaks around rise, clothed in the 

; eternal snows of that winter in which their 

^ summits 



the DoUest oatatact in the woxicL The Rib de Bi^ota £ilk 
at tiro bowMb down 574 feet, and, in fiut^ ftmn a ookl (aa 
wann xegian^ as the vegietation 



-aeftrly iiinifiNma throughout the y e^r \ ' 

Ifi a^iUtioB to those ^EMcts, Nature j>resent^ 
u$ with xMQv^twg pffwe^ -pf a fifx^ act^ . 
kind, wUftti th^ Httk^^^iimis jijso f|Bs %f lupcir . 
I^^c.e4* Il]iaj94s £feqii€n% esi^i^^ *£mm the * 
deep fey *he ^gengy jof .iffs^ ^d flpa^y sgplEfi qa^- - 
the globe rtt^ W ofiigki of t)ufi ifk^d. T^e. . 
tttuall islands iy£ 9t Paul 4Mid Ams^c^^}, m tijie* 
southern I^diw oceao^ are e\pvm ^^dced 
miles d]9taiit &om the neacest lapd^ they o^Sw^ 
every where velcanic rooks* aud' kQ{ ^|ni|gSr;'' 
and they cannot hai^ risen u|i aft^a tpi^iod vf^ J 
yoBote^ for a soil has not yet :bQe^ fenpe^^ ?^' ; ' 
only two species of ^plants hai^ Toacl^ theif ^^' ' 
dreary shor^. J^ 1 81 1 , the ibijqw i^l^d^of S^«^' ^ . 
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* Dr MacCulloch has drawn an important inference 
jfrom the jn^e^t e^[uality which is seen in the' state s^j^eesac" 
vation of the parallel roads of Glen Roy. The waste and 
destmcfeictn of idHa, tfiougli oartain^ muat he skor; form 
mure impid dtfcfttiuttmi moaiA hasftfi worn yfHimt JtedBfun* 
equall y * ■ C eoL Ctaiii. voL nr« ^97* 
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Msia^ asose m die Azores and after some 
nootihs was «eagulfi»L Many similar phse- 
nonoia liane been traced of late years. The 
. iMd of the ocean is disturbed, its waters are 
]icato|l» tlie fislies die and ri^e to the surface^ 
blunts of flame spring up enveloped in clouds of 
' H. stemn^ wd. these shroud the rocks which gra- 
' 4pal]y or more suddenly emerge, and become 
' new ^iMTiiiers to the waves. 
; ' The natural uses of Volcanoes are too ob* 
** y^rimm to be treated at length. We are too 
*^ Hecqiaee^y aooustomed to view them as agents 
\ tBF destruction only. They are so, indeed, lo- 
^. >^ call^, and often to a great extent. Their lavas 
* dffeflPwhdaa cities, their ashes <:over the soil, and 
\ ibhttt 4bt harvest of the year. But the countries 
nmuiBd them present the highest fertility, vege- 
tation 



»• % 



* So osUed from H. M. S. Sabrina, a party firom which 
likided upon it, tod brought away tpecimens of a white ir- 
Tegiikr pumice, indosing small black crystab of han»* 
%lende. Philos. Trans. 1812, p. 152. See Sir C. Maoken- 
sie's Travels in Iceland, for a descriptioti of a similar phse* 
xiomenon near that island, p. S65» 
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tation springs up with new force from scih pre^ 
serred warm by their fires, and the sides rf . 
Vesuviiis are clothed with vineyards* If the 
lava of this mountain does not often, fnHn its 
nature, form a soil speedily ^, the ashes whieh « 
fall above it during the last d^ys of an en»p*-. 
tioo^ render it productive, and have made the - ' 
country around Naples one of the most fertile 
spots on the globe, and still deserving the name oi 
the Campania Felice. While volcanoes are thus \ 
the causes of- its fertility, they have given rise^ '^^ 
to the country itself ; for, from one extrraniity o£ * 
Italy to the other, volcanic products crowd on 
the observer. 

Volcanoes thus present the most active 
scenes of the destroying and reproducing powers 
of Nature ; but Nature, as fertile in her modes 

of 



* The hardest lai» receives a gopd soil by the Priddy 
•Fear. *^ They bring a little earth to any crevice of ]av% 
•and plant a prickly-rpear tree: it spreads, and aplits th^ 
rodks in about seven years, and a thick plantation is soon 
£brnied"—:QeQeral Coc)^bum'8 ^rarels in Sidljj &c. 181£^ 
vol. I. p. 163. 
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of wbt^ng, as she is simple in her first princi* 
pies, exhibits to us another mode of forming new 
lands, on a scale still more extended than by the 
agency of fire. The whole range of the Paci- 
fic is studded with islands which are formed 
of coraWock, the work of mean worms, 
which inhabit the dwellings which they con- 
*«truct of limestone, by withdrawing lime from 
sea-water« Most islands in this ocean seem to 
have either a volcanic or a coral origin; al- 
most all of them are surrounded by coral reefs, 
or ied^s of the coral-rock more or less elevated. 
In the Straits of Simda, and within one lange of 
the eye, these islands are seen in all their stages 
of formertion. First, low reefs and shoals ^pear, 
over which the waves break, and which naviga^ 
torft are anxious to mark in their charts. Gra- 
duaUy they rise above the water ; the worms 
pursue their labours only on the surface ; they 
gtbact rain and dews, wear down and form a 
soil, in which small plants at first take root ; 
larger ones succeed, till at last an extensive 
Idan4 decorates the prospect, waving with palm 

R and 
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and mangoe-trees, and t)ie other productions of 
Nature in her tropical climates. 

Whatever destroying tendencies, then, ex- 
ist on the earthy these renovating powers com« 
pensate for them. TZi<y 'never cegs^ tp act; 
nor do the heat, and air, and water, cease to de- 
stroy. No marks of ^ degradation acting 
throughout a prolonged series of ages are expos- 
ed to our observation, without being met by 
those of constant renewal. The one arises out 
of the other. — ^We infer^ with certainty, that the 
present state of the World had a beginning, be- 
cause that state arose from causes which do not 
now act. Just as its plants and animals must 
have received their first breath of life from su- 
perior power, because no new speqies are seen 
fomung at the present day. That the cause of 
all the appearances is one great and good Beiogp 
follows from the harmony, the magnitude, and 
the excellence displayed in mineral,, vegetable^ 

and animal existence. The time is not far dis« 

» • ■ - • ■ , 

tant, when the science of Natural Theology 
will receive a great accession from the proofs of 
Resign which Geology caii unfold. But already 

we 
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may safdy condade, that as the world did 
not commence, so it will not terminate from any 
causes at present in action '^. In the gpreat 
cycles of Time, the infinite series of the reno- 
vating powers must be coeval with that of the 

I destroying 



* See PIay£iir^ Htttton. Theor. § 118^ II9. where an oj^ 

.posite conclusion is drawn witk regaxd to the beginning pf 

the worlds ** there being (accoc^ng to him) in the econo« ; 

'* my of the worlds no mark either of a beginning or an 

;^* aid."-«On the other hand, I think it demonstrated, fiom 

every appearance in the mineral kingdom, and from the 

wisdom of contrivance and beneficence of design which it 

unfolds, that there has been a beginning,; but I have not 

been able to trace any marks of imperfection or of termina« 

tion in the present constitution of the world. This, as Mr 

Tlayfair jusUy remarks, is very different from concluding 

{hat the world will have no end.— >An infinite successioik of 

appearances implies the existence of a cause, as evidently 

as a finite succession. The Eternal may have connected 

all his beings in an infinite succession, and for this He, 

from his infinite nature, is the only true Cause ^See Dr 

jtlarke's Correspondence with Leibnitz, 1717> p* 3^7, && 

r2 
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destroying energies ^. The Phcenix ascendiug 
with new splendor ffom the ashes of its parent 
bird, is the true image of that perpetual youth in 
which all things around us rejoice. Neither in 
the skies, nor on the earth, is the work of crea- 
tion f ever at a stand. It elevates our ideas of 
the power of the Almighty, to infer, from the 
existetice of worlds in all stages of formation |, 
that His creating energies never sleep ; that 
they constitute a perfection of His nature, and 

that 



* It may be said that the transference of a very small 
quantity of matter over the bed of the ocean^ in any limit" 
ed period of years, will in time wear away the land. But it 
18 almost unnecessary to remark, that an tnequaUty between 
this effect and the fonoation of new land in the three 
modes enumerated above, must first be proved, before such 
a conclusion can be admitted to the smallest extent, in an 
infimte series of effects, of which a small part only is sub- 
mitted to our observation. 

t That is, the arrangement of matter in new forms. 

X See Sir W. Herschell's paper on the sidereal part of 
the Heavens, and its connection with the nebulous part 
Philos. Trans. 1814^ p. 248< 
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that all His q)erations are pursued in years and 
ages with an undeviating constancy, whether 
exerted in the heavens, the ocean^ or the fend. 



The interesting . direction which has heen 
given, in pur time, to the researches of Geology, 
has not heen attained without a struggle. The 
extent of the actions, and the theatre on which 
they are performed, still recall to view the cos* 
mogonies of ancient and n[U)dem times. Though 
the hypotheses of Burnett, Whiston^ and BufTon, 
are now remembered only as instances of the 
presumption of the human intellect, yet, at the 
present day, opinions resting on no better foun- 
dation than the assumption of facts, have been 
given to the world. This is the more inexcu- 
sable, as Chemistry has |iow made rapid advan- 
ces towards perfection, and some certain know- 
ledge of the nature of Minerals has at last been at- 
tained. — The first theorists sought to penetrate 
into the nature of that chao$^ from which the Al- 
mighty, by his omnipotent^/i^, created the Uni- 
verse, Others wished to account for the Deluge 

alone, 
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atone^by suspetfdiifg tbe laws of cohesion and gra*^ 
vity, altering the position of the Earth in its orhit^ 
or introducing a comet amid some storm in the 
planetary system. Around any single idea of 
this kind, the facts known in the mineral king- 
dom; Were deposited ; and these being far from 
numerous, and even uncertain, each theorist 
resorted to the sacred books for additional proofs 
of his ojttnions; The weaken that these were, 
the ardour for seizing them became greater, and 
the controversies between the contending par- 
ties warmer and more exasperated. The march 
cf science overthrew them «B^ and entailed some 
disgrace on the subjects which they pretended 
to illustrate. Yet to this hour some are found, 
who, true to the unphilosophical mode of deduc- 
tion employed by Burnett and Buffbn, continue 
to write on Geology, as if this branch of know- 
ledge had no other end but to afford conclusions 
respecting the age of the world, and the phseno- 
mena of the deluge. Revering the Christian re- 
ligion, and finding in it the noblest objects of 
hope^ the best exeirise of the affections, and the 
highest ideas of the Almighty, I cannot but feel 

some 
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sbme shame and astonishmetit at these atte!n{>t§i» 
But I am linsvilling to spealc of that irritation 
consequent oft controversy, V«4iich has contribut»* 
ed, more than any oth6r cause, to render Geolo** 
gy lan apparently contemptible pursuit. Some; 
wishing to affix their own unsupported signifi- 
cation to the short account of the arrangement 
of the world, recorded in the first chapter of 
Genesis, reckon every man an infidel who differs 
from them in the position of granite or basalt. 
Others Condemn the Christian revelation in the 
m^ss, because they cannot find ^U the modem 
discoveries mentioned in the Scriptures. One of 
these superstitions may, perhaps, be exemplifi- 
ed by an extreme case, that of the present inha- 
bitants of Patmos, who believe that the cross^ 
like forms of the crystals of felspar in the rocks 
of their island were framed by the apostle 
John * ; and the other, by the endeavours of 
many late writers to overturft the chronology 
of Moses, and the constant reference which it 

bears 



Dr Clarke's Travels, vol. iii. 



bears to the origin of the hunntn nee, by 
ing forward the unphilpsophtcal deductions of 
Mr Brydone, with regard to the long periods of 
time requisite to cover sypcessive lavas with a 
productive soil *. These, and many other spe- 
culations of a similar kind, it is almost unneces- 
sary to remark, are hostile to the spirit of true 
philosophy, which only reasons from what it ob- 
serves. The progress of facts in the physical 
sciences can never be arrested by, nor come 
into competition with the subjects of faith. 
Though in some minds the Scripture accounts 
may strengthen, yet they can never c^tbemi^lve$ 
support a body of physical truths, nor lend any 

but 



* Brydone^s Tour through Sicily and Malta^ Letter vii. 
The defects of the reasoning in&rred from Ihs observations 
test on two facts; (1«) That lavas possess textures of the 
most opposite kind> some decomposing rapidly^ others ne« 
ver changing : (2.) That ashes almost always fall after the 
lava has flowed^ and cover it immediately with a rich soil. 
Besides these^ his idea supposes that each of the lavas was 
erupted at the distance of 2000 years from each oth^; of 
which no evidence can be brought — The second circum- 
stance is mentioned by Mr Brydone himself, in Letter vi. 



bift afi .nAs^n^wn 8Mis^uic« tor.tlke caxise tit 
sqi^nce^ : The: i^^ry :lf(titfide ^of inteirpietatiQD 
ithich irlu9t he allowed hy. the moat skilfiil dt^ 
vines to a; {e\f general descriptions^ destsojs all 
confldenpe when th^ objects ate tik)se.of an. ex** 
act science. In fine^ to brmgfbrwardtbe Scrip«i 
tares as the foundation of Geology is ta degrade 
them, and not to assist it ; to cfatoge them ih« 
to. weapons of controversial war&re ; to stake 
their credit upon the most fallible of interpre*^ 
tatio^S) that of a rising science not yet sufficient^ 
ly furnished with facts ; to contrast the un« 
changeable dictates of Revelation with whsKhas 
hitherto been constantly subject to change. 

On the other hand, no reason can be shewn 
why Jfacts, established by long-continued obser- 
vaticm and experiment, may not be applied to 
illustrate the Mosaic account of the creation^. 
This, however, is the province of the divine, 
not ^ of the geologist. Let facts only be so ap- 
plied ; not hypotheses or cosmogonies. No true 

friend 



* Mr Parkinson has well illustrated this^ in his Organic 

■ 

Remains of a former World, vot iii. p. 449^55. 
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of the Scriptures csm require more ; none 
of their enemies can wish to see them more de-^ 
graded than they have been in very late wri- 
tings of their defenders. To the Scriptures 
true knowledge has not yet been hostile ; nor 
are they, when properly interpreted, enemies to 
it* It deserves to be remarked, that in coun* 
tries where their pure light does not shine, a 
liberal interpretation of some passages has been 
allowed far more sparingly than in our own, 
which has so long enjoyed their benefits, and 
which is so deeply indebted to them for the 
high' degree of civilization which it enjoys. It 
was in Italy that Galileo was harassed by the 
Inquisition, because he had dared to prove the 
rotation of the Globe, and had enlarged the 
range of^the eye and the mind, by turning the 
telescope to the Heavens. It was in the same 
country, and at a period nearer to our own age, 
that the learned commentators on the Principia 
of Newton, felt themselves obliged to acknow- 
ledge their unbelief in any physical tenets which 
the Church had condemned. With us the best 
divines -have always held more liberal ideas on r 

any 
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any pcffisages connected with science. The age 
of our species is well marked by many events i 
and its progress in the arts and sciences, and its 
/history, agree well with the relation of the in- 
spired page. That this is the principal object 
of the first accoimts in Genesis, and not any de* 
tailed account of the formation of the Globe, 
may be inferred from the shortness with which 
the creation is treated, and the length with which 
the dispersion of the leaders at Babel, over Eu- 
rope, Asia, and Africa, is related. Many other 
circumstances lead us to the remark, that, in 
the account of the creation, Moses indicates the 
origin of our present world from materials which 
had previously existed, and been subject, as mat- 
ter, to the power of the Supreme Mind, The 
formation of fish before land animals, is an in- 
teresting coincidence between modem discovery 
and the sacred account, Marks of a deluge are 
imprinted at every step ; and that it did not al- 
ter permanently the face of the globe, may be 
inferred from the circumstance, that Moses de- 
scribes the situation of some spots as being the 
same before and after that catastrophe/ The 

absence 
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absence of the remains of mankind in the strata, 
as far as observations have yet shewn, is fa* 
Yourable to this idea. But when the period of 
the six days has been supposed by. some wri- 
ters * to have been indefinitely longer than at . 

• present, in consequence of a slower rotation of 
the earth on its axis, and wljen we attempt to. 
support this idea by the appearances of the mi- 

. neral world, we start at once into the region of 
wild hypothesis. — ^From these considerations, I. 
have left to others the application of the facts^ 
contained in this letter to the sacred accounts^ 
I only say, that there may be drawn from the 
principles here imfolded, some considerations 
far more favourable to the Mosaic accounts, 
than any which are supplied by other theoriest 
For no evidences of more than one arrangement 
o£ the world are exposed to our observation ; 
and, since that arrangement did not arise from 
causes now acting, it must have had a begin- 
ning. — ^We find no traces of the materials of 
t>ur present strata having originated ffbm the 

decay 

9 

* As in Bishop Horsley's Sermons^ p. 446. 
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decay of a fonncr world. Only one formation 
of shells seems to have existed. Marks of a sud« 
den fbrmiation, and of sudden revolutions, are 
visible in all the strata. Such principles, when 
n^ell established, will aid the Scriptural account ; 
but they would cease to do this, did they rest 
lor their truth solely upon that book, which 
they are called in to illustrate* 



The termination of this prolonged discus- 
sion has now, my friend, been reached. In puv- 
suing a track so extensive, it is essentially ne-^ 
cessary that facts and observations should ac- 
company the theory which attempts to genera* 
lize them ; and that all our results should, if 
possible, be drawn from the nature of minerals 
themselves. The accurate discrimination of 
rocks should be connected with the study of 
their mechanical structure, and their chemical 
nature. Every research which tends to make 

us 
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lu better acquainted with the relations of the 
strata of the earth to each other^ is use&l ; and 
the greater part of the evidence which Geologj 
has yet supplied, consists in the minute details 
df particular spots. Of how little utility tiie 
preceding remarks would have been, without 
the aids of Wemerian and Huttonian observers, 
the frequent references to their writings render 
evident. — ^Whatever may be the opinion of the 
j)ublic tribunal on the observations contained 
in these pages, I have, at any rate, received 
pleasure from the contemplation of the grand 
scenes of Nature, — from new ideas of her opera- 
tions, — ^and from the views of that truth, 
which the study of the Globe, if not at present, 
will ultimately impart to the mind.— I am, my 
dear Sir, 



Your faithful Friend. 



SOtk July 1818. 
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Al^DlTiONAL l^OTt:^. 



System of Werneri • 

. : . : 

(Page 12.) 

XT is remarkable that the irilferences hostile 
to the theory of Werner, which can be drawii 
from his own descriptions of the strata, have 
very seldom been deduced. Of this theory the 
British public had indeed no accurate account, 
till PROFESSOR lAMEsb^r published in 1808 hil 
Treatise on Geognosy. Though this work is 
professedly elementary and abridged *, and may 
therefore be isupposed to Want in many cases tht 
reasonings on Which the conclusions must rest^ 
yet it has been extremely useful, from the Very 
Accurate view which it gives of the destfiptioM 
of Werner'. These have been my guide in 
toy researches which I have made, and in the 
greater number of cases I have found them of 

s uncommon 



* Jameson's Geognosy, Adrertisement; p. r* 
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tmcommon accuracy, or ratKer, exact tran* 
scripts of the 9;ppesnxic» ^een ixx the rocks 
themselves, and in the mountains which are 
constituted of them. While this is willingly 
and justly acknowledgfld, it may be proper, at 
the same time, to declare, that by far the grat- 
er part of the Theory.^ founded . upon these de^^ 
scriptiom by We&neh, is either defective in 
explaining the appeamnoes, or completely erro- 
neous ; and that, after aU, his theory accounts 
for but very few of the pdJaaeoomena which lie 
was certai^y the first to describe ; as, for io^ 
stance, foitl the whole of the ^estions connected 
with the straba^ which I have stated abo^e ^^ 

It is Bot my iatention, at present, to exa^ 
mine th|^ l9^ory of Wx&nsh in detail \ I shall 
only add a Jbw isieirnces which fdllQw from his 
descrii^fis,. piTeSxiqg so^ne extracts from the 
work of tbe excdient mineralogist already men- 
tioned^ These passages may assist the leader 
m recollecting the 4ifierenoe between the views 
given by Werksr, an4 those deduced in the 
preceding pages. 

" Sti^ata 



* Pftgw 68^65. 
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^* Stfafa and beds^ appear to be^actaeialat 
** ted ittdividaal defv^fiitions Stom a state of so^ 
** lotion or «uspeQsion in water 4^." 

^'The outgoings of tlie newer strata are 
*^ generatfy lower tTgaok tfap ^MitgciRgs of the 
^ KAder^ from granite downwards to the allo^ 
^ vial depositiop% and this not in particidar 
^ spots, but around the wiide globe. 

^ The pnmttive part of the earth is entire^ 
'* ly imposed of chesncal piecipitations, and 
*f mechanipai depositions do not appear until a 
^* kter pedod, that is, in the Transition Class ; 
*f and from this point they contialie incrpaauig^ 
^' through all the sucxreeding classes of rocks, t^ 
^ the newest or the alluvial, which are almost 
^^ entirely mechanical depoidts f /' 

The Primary Rocks ate also thus charac* 
terized:—-^ Excepting the ^mall portion of me- 
** chanical deposit that accompanies the ^fecond 
•* porphyry formation, they are throughout 
^ pure chemical productions ; and of these the 

s 2 " older 



* Jameson's Geognosy, p. 56. 

t Id. p. 79. 

The outgoings of strata are the terminations of .them 
ivhich appear at the suifiice. 



** older tore niose pure thali the ne^wer*." 
•Since they, axe pure througMut^ it is not easy to 
understand this gradatiofn.of purity. - 

The position of Quartz Rock bi^tween To- 
paz Rock and Flinty Sl^te^ is-a si^iigukr mistake 
already animadverted on. Quartz^ Rock is men-* 
tiooed as indistinctly stratified f j whereas it oc- 
curs in very distinct strata. 

" With grey wacke a . new geognostic pe- 
riod commences^ namely, that of the appear-^ 
ance.of mechanical depositions:!:." A& if 
there were none in gneiss, mica sla[te, &c. ; or 
as^if quartz robk had not heen. traced^ hy com- 
plete parssages, t6 grains of rolled quartz. 

^* A white coloured granukr foliated lime- 
" stone^ full of petrifactions, occurs in the Ty- 
^' rol, and similar roqks have heen observed in 
^* Switzerland,: Bavaria, and Franconia §.'* 

It is also acknowledged that whole forma* 
tions of giran^lar foliated limestone may occuir 

in 



it 



* Jameson's Geognosy^ p. lOf. 
t Id. p. US. 
t Id. p. 149. 
§ Id. p. 164. 
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in flcBt2 rooks *. Now, . if the organic : remains 
are thus inclosed in a limestoQc so cr jBt^ne 
that it:i^ only by geplogical position and inclo- 
sed minerals, ,that w^ can distinguish it from a 
primary one, it follows^ that it shouldhave b^n 
formed by a pure part of the solution ; and if 
^,1 how /.did: the petrifactions, which iSLjct also 
limestone, escape every trace of the action of 
this ppwerfip.! solvent? The granular foliated 
and highly cryrStsdUnc texture /n^r^ly forbids, on 
the principles of Werner, the action of a me- 
iphanical. deposit at all, 
/ .The appearance here related is very com^ 

xooxu .. • . 

In the .whole of the Wemerian Geogposy, 
\ie £uid no^ reason why some rocks should be 
litratified, and others unstratified. The univer- 
sal water precipitates granite imstratified, and 
stratified rocks immediately above it, till tho$e 
strata which all allow to be mechanical, gradu- 
ally form. But in the newest floetz-trap for- 
p[iation, the order is reversed, and the most crys- 
talline greenstone, is called an overlying mass, 
when it surmounts the strata of a basaltic hill, 

on 
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f Jameson's Geognosy^ p. l64, 
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<m tbe AA^ §e ivlikh we ftMd indhted skMA of 
fi mechanical aiid ^ty liew ttjiect'^. Thif 
gttieiistone, too, 16 yery cfteh onwrsitified^ though 
k is described a& res^ilf 611 itf Sf &, a^ though it 
tiften approached ki liatute id uiMrMtifiifd ^en^ 
ites and graniteii. 

We need noE ^etltards \^iid#r, to^ find 
Werner ** invettigating the cWifeiits c^fhe tTA- 
« ter of the globe at differieAt J)elrt6diFf ," a»ld 
ascertaining with precision ilkt ag« dl' ffce nifi^ 
tals |. 

The broken nature of the strata ikr sbs^fibed td 
the tapid retiring of the water f , but a^ to where 
this water retired to, it is confessed that mb s&* 
tisfactory answer can be gived' ||. It tnuM have 
bftce stood terf high over the whole eatth, ilk 
order to afford a precipiHatiou of oiir mouiitl^iat 
frbm a chemical solution. Wernet supposed 
that a part of the earlier formations was de^ltJy- 

«d, 



* See the description of t&e I^rap Hills in Saxony and 
Hesse^ in Jameson's Geognosy, p. 201. 

t Jameson's Geognosy^ p. 86. 

X Id. p. fiS6. 

i Id. p. 84. 

tl Id. p. 82. 
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'ibi, ai^ tmHAi&c for newer JStfinations thm afibrifU 
ed** This is a very prolbable hypothesis; but 
If the quantity of ^w^ter which dissolved the 
primary rocks was idot larger tha0 even what 
we ol^setve of thcd!r vdiume, it must t^ve been 

immiiiise^ 

Volcanoes, adcor^ng to Werner, <::ould not 
have their origin till those beds of trap and coed 
which jsUp^y them, and which are the newest 
of ^) rocks, were laid down. ** They are, there- 
^* fofe, to be considered as new occurrences in 
^* the history of na^re, although they may ex- 
'^* tend far beyond historical record* The voi- 
'^ canic state appears to be foreign to the earth, 
^< —a circumstance that points out its extreme 
^' antiquity f.'* 

It is reiparkable that Werner has thus de- 
prived his theory of the benefit of a single expla- 
nation of a mineral by heat, however indubitable 
may be the marks of heat in its structure. 

Thus, for the cavities so profusely abundant 
in apiygdaloid, thez^ is no other explanation 

but 
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but that *' th^Qfigiois^e frc>m ^rrbjibb^ «." 
In like manner, the ^flfeqts of ^ .gQCppr^Sfifc^ 
. force, which give sp great assistance to tb^; tbcs 
pry of Hutton, are utterly oppqsed to jl^^fit- of 
Werner. In ^ precipitation or deposit of p^^er 
from water^ the compression of the formiiig ii^a$s 
should prevent the formation of any drvy^y cavi- 
ties Uned witl]^ crystals, or q£ any orifices ip. ba- 
saltic rppks. . Ti^ere. is no hsa.t below to produce 
them, as in the Huttoniaq vieii^. ;So in m^tiialUc 
Veins, and whin aud granite dykes, it i.s93 in- 
cumbent on the Wernerian to explain, the ctuae 
of the fissures, as to fill them with matter. In 
this respect, as well as in every appearance at 
the junctions of stratified and unstratij&ed rocks^ 
there are no satisfactory expUnatipn* in the docs 
trines of Werner, 

: So striking are the two facts, that rO(^s are 
either stratified or unstratified, and th^t di^ur- 
bances and the action of heat are seen at their 
junctions, that Hutton will al\^ays hold the 
highest rank as a Geologist, from his b^ving bq^n 
th^ first to observe and draw conclusions from 
these important phaenomena. 

In 






^ Jameson's Geognosy, p. 47« 
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In the. uaiyersal dissolving liquid of Wcr- 
-ner, acting on all the earths, inflammable and 
metallic substances of the globe, for few of which 
4t at this day exhibits any powers of attraction, 
,wc hofe an hypotiiesis which cannot be recon- 
-cikd to many of the descriptions of the same 
.gebpiost. We may allow^ that the deeper the 
*water stpod over the earth, it was the calmer * ; 
hvA if. the strata of floetz-trap were broken by 
itbe rai^id retiring of the liquid, this introduces 
jA cause as unequal as the eruptions of the Hut* 
iiom^ fire ; and so capricious in its action, that 
jv« >C0Uld scarcely expect from it the regularity 
which we see f • A calm rest is. supposed to as- 
511^ the regular crystallization of the first masses 
.which were precipitated; but as the wate^ di- 
minished, the disintegration began, " the crys- 
ff taUioe shoots were, destroyed," and the first 
..mechainical productions appeared. Now this i$ 
inconsistent with the meehanical appearance^ in 
the- pQpst primary strata ; for surely the arrange-- 
,inent of flat plates of mica in a direction parallel 
to the- strata of gneiss, mica-slate, and clay-slate, 
is as decisive a mark of mechanical action, as 

whep 
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when the! $amt piateBofimlcaiHc ixbiM sadbe di- 
jrection m beds of sandstone. It is afeo^ inCMii? 
sistent with the pfa«noiaaena of Me juoctiMi of 
granite with the shisttf^ The fiqftiid d£ We«r 
ner^ too, retaniBr to the l&st iu chemical f^cn^ 
and deposits beds of cvystaUine limestooe^ esomrd^ 
ed with jorgamc remains^- It depodts Cbese b«h 
tween secondary strata of the most inectettiieiA 
kjmd ^. So that we ha^e here the incon^teOi* 
cj of the umversal water sepai^ating ^iheinksA 
and highly crystalline i$tr$ea^ y^ nat acting oa 
their organic remains^ an^ immediately ekm^ 
ing its powersjr and letting fall a eonsottdated 
9iud-Uke rock. Powers^ sa caprici^mi tsA sd 
transitory were certainly neref v^jited isi i«gr 
liquid btrt in the solvent of W£rK£|i. This 
sdven^^ too, t^ich let fall the n^ttatiiied gra- 
nite first,- and introduced newer and newer rocltt 
above i^t, of partly chemical, partJ^y tnedhanical 
textnris, jmt reversed this order wh^ tt preci^ 
tated, by a subsequent rising, the fotmsttkn of 
floet^-trap. For there the most crystalline rocki, 
the greenstones and greystones, are the upper- 
most, and therefore the last members of what is 
denominated the formation suite f . In order to 

account 
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account for tliis discifepancy, the waters are sup* 
pdsedto have risen ''tuinultuously/* deposited 
mechanical roclcs^ and afterwards became calm, 
yielding crystalline deposits*. So that we at 
last reach by a fair inference, the following re- 
sult :— That the liquid of Werner, which dis- 
solved the crust of the globe, acted as a chemi- 
cal solvent or a mechanical agent, just as it was 
calm, or agitated by tumultuous movements. No 
other reason is assigned in the Geognosy of Wer- 
ner : for no mention of precipitants is made. 

Thus, by a philosophical induction, of 
which this country has seen no example for a 
century at least, Werner explains the structure 
of the globe. I confess that I never could find, 
in thesis inconsistencies with all our previous 
knowledge^ any marks of ^ the comprehensive 
** mind," who has " fully accomplished" the 
theory of the world ; nor of the " mineralogist 
^* to whom we owe almost every thing that is 
^* truly valuable in this important branch of 
^* knowledge f ." In fact^ the accurate descrip- 
tions of WORKER have suffered-, from the indis- 
criminate praise which has been heaped upon a 

theory 
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theory that explains so little^ and from those; 
attempts to represent it as a system of perfect 
knowledge, which, in the present state of xnan> 
no science can be* 



Consolidation or the Strata, 

(Page 12.) 

To find a cause for the oonsolidation of 
the strata, has been the object of the latest 
theories of the construction of the world. It 
is not difficult to shew, that the system of 
Werner is entirely destitute of a power requi- 
site to accomplish this great change. 

The phaenomena to be accounted for are 
the following : — the hardening of stratia which 
all allow to be of mechanical deposit, — ^the con- 
solidation of strata which, in the Wenierian 
Geognosy, are described as being partly of che- 
mical, partly of mechanical formation, — ^the con- 
solidation of strata, denominated by Werner crys- 
talline or chemical, — ^that of unstratified rocks, 
granite, syenite, trap, limestone, and porphyry, 

- ^-lastly. 



-—lastly, the constant variatioiis which appear 
in the degree of induration of all these rocks. 

That water was present, is generally agreed, 
and is indeed ptoved by the facts enumerated in 
page 98. That it was water like that of our 
.present oceans^ tnay be inferred from ^ the soda 
contained in minute portions in all rocks ^. 

On .the hypothesis of Werner, we have 
then water as a consolidating effect, assisted in 
the crystalline rocks by the strength of aggre^ 
gation of crystallizing, forces, and in all strata 
hy the compressing force arising from depth 
and quantity of materials. Thdugh the last 
circumstance is not mentioned by Werner, yett 
as its action would obvipusly exist, it is unfair 
to deprive his system of the advantage which it 
appears to offer to his views^ 

The strength of aggregatiori of a congeries 
of crystals, is certainly something, though by no 
means so great as the induration of granites and 
traps appears to require. To indurate a crys^ 
talline rock, implies the absence of the solvent, 
or at least of its greater part, if it be aqueous- 
This Nature has done in these unstratified 
masses ; but we have no analogical appearances 

to 
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io guide iis^ when we reaott to oar ct7ffadi«K 
tions from solutioi^ on the small scale. 

It is, ia fkct, uophilosophieal to w&x^ that 
water had difierent or gteater poweis at the 
formation of the ecterior of the globe, ^lap 
those which it possesses a( the pres^it timq. 
Passing bj the obstacle arising from thet/hijp- 
mented natuce oi granite and $rap, a ciicum- 
fitance aloQe decisive against a^ pree^ita^km 
from a liquid^ let us trj if wse can find any^ 
traces of the consolidating effect of water ae^^ 
ing at :the p;refient da]r» and producing aiich a 
degree of induration as the phaenoineiBia of aar 
ture require. 

We do not, then, find any marks of con* 
solidating influence exerted in circumst^mces, 
and on substances, similar to those which appear 
constantly in the strata which aQ allow to be of 
mechanical depoint. In alluvial beds of grairel, 
however thick, we can refer to marks of £MmM* 
tiwi by water, — ^to appearances of undulations, — 
to many circumstances which assimilate them 
exactly to strata of con^omerates and sand* 
stones ; but we observe no traces of consolida- 
tion in cases where water must have rested for a 
long time. So exact is the resemblance between 
alluvial beds of sand and strata of sandstone, 
that often no difference between them can be 

traced, 
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traced^ cxeeptittg l^t me one is tmrdened and 

in' die fiand of the seaHshore, at consider- 
4dile 4leplh% <io change of this kind appears to 
be going on ; nor is -any cx^solKlation Tisible in 
tjie gcavel in the bottom of rivers. In bays 
with a sandy boCtonii, the lead always brings np 
aaiuL in x^tker skuations^ mud adheres to the 
iagtrtimeote of the a^ariner, though k is a snb- 
stanoe.&r more easy of consoiidation than gra- 
vel, and hardens speedily, with fissures, when 
exposed to the heat of t^e 'Sun, wluch expels 
part of its water. The practice of anchora^ is 
founded on these &ets. 

Ldl hardening a l)ed of sandstone or eon* 
glomerate, a chemical ^Intion of quartz is sup«^ 
posed by <seme to act b.etween the interstices of 
tjie graiias, and thus consolidate the whole into 
a rock. Hence Warnsh speaks of ^sandstone 
combining a mechanical with a chemical ori- 
gin. 

If this s(dution of quartz were granted, 
it Should evidently act upon the inclosed or 
rolled masses themselves, so as to degrade or 
dissolve part of their surface by its chemical 
powers. It would be difficult to shew that such 
a iiifoid ought not, toe^ to produoe this effect in 
all cases. But, in very extended tracts of con- 

. glomerate. 
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glom^ratd, no marks of this wci obsanrddi h 
have found none in many cases ; each nodule in 
the rock retains the worn surface which it ori- 
ginaUy received, when fonmng a part of the 
torrent from higher ground. 

That the whole is not a chemic&l deposit^ 
is sijrely evident from their perfect resemblance 
to the unconsolidated alluvial strata of the same 
substances, about the origin of which all are 
agreed. The theory of Werner rests upon their, 
mechanical structure *. 

Of the existence of a solution of quartz, we 
hav^ however, no proof. 

Finally, if water consolidated sand and. 
mud into hard strata, we have no cause for 
those constant varieties of induration which of« 
ten take place within very small spaces f • 

It must not, however, be omitted, that, 
though water itself does not appear to possess 
any hardening powers over substances, as gra- 
vel, for which it has no attraction, it yet offers 
proofs of consolidation, when acting on sub* 
stances for which it exhibits affinity. Thus in 

Parker's 
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Pkrkcr*s or Roman cement, and in stnccd, a 
chemical combination arises between the water 
and the mineral substance, or part of it. The. 
rapid hardening of volcanic ashes after a shower 
of rain, into a rock which requires the pick-*axe 
to break it, is probably owing to a similar cause« 
When watet holds suspended an oxide of iron, 
the deposit of that substance, probably as a hy- 
drat, between rolled pieces of quarts, or other 
nodules, gives rise to an aggregation of which 
I have seen several examples, but none that 
were possessed of great strength. In like ^man- 
Her, other conglomerates are formed by stalac-» 
titical liquids. Clay forms a paste with water^ 
and consolidates, by pressure, to a small extent ; 
to a greater, if dried in the sun ; but it can on- 
ly, with propriety, be termed hard^ when it has 
been subjected to the action of fire* 

It is unnecessary to remark, that these ap*- 
pearances will not apply to the consolidation of 
sandstone strata. We have no resource but in 
the action of heat. It happens here, that one 
well marked appearance of the action of fire in 
the strata, a single junction of a whin^-dyke, is 
incompatible with the whole theory of Wer- 
ner. The question is narrowed : shall we re-- 
sort to a simple explanation, or to complicated 
hypotheses, which, after all, are completely un- 

T satisfactory ? 
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sfttifl&etory ? The efiects of watier in ^os8oli4a^ 
ting materials so diversified as those of the globe^ 
dannot be inferred to «xist ; for wateir exhibits 
tio powers of this extent and c^mcity of 9Ctiw« 
'A sandstone of gr^ns of quartz ii^ infusible in 
our present furnaces ; but its pawder exhibit^ 
nlarks of agglutination at 90* of Wedgwoodf 
And it has become probable, from thofie experi* 
liients with the blowpipe, in which rock-crysta) 
has been fused, that in our best furnaces we ap- 
proach a temperature which is not far ren^yed 
from that which is required, not only to conso- 
lidate grains of silex, but to melt them on the 
large scale. 

The action of a force, variable from its 
quantity, or its distance, may thus be inferred 
to form a sufficient cause for the induration of 
the strata. The heat which melted the vinstra* 
tified rocks below them, and hardened both in 
so striking a manner at their junctions, is a 
power adequate to ajl the effects which we ob- 
serve. Water, if it possessed the power of har- 
dening, would produce an uniformity of indu- 
ration. ' But heat, from the mode in which it 
must be exerted, will give rise to a great va- 
riety of hardening. This variety may.be traced 
over extended tracts of shistus. It forms a great 
mark of distinction between stratified and un- 

stratified 
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passages of the partial inclinations of the strata 
into each other, (if I may be allowed the ex- 
pression,) in the whole range of the mica-slate 
of the Highlands of Scotland, and in that of 
grey-wacke, which extends in Ireland from 
Belfast to the mountains of Kerry. — Thus, al- 
though elevations may have taken place in 
inany of the strata, we have here a sure mark 
that these were never formed in a horizontal po- 
sition, but in positions more or less approaching 
to those in which we behold them at the pre- 
sent day. Very regular strata of sandstone and 
other rocks' undoubtedly often appear, and an 
original horizontal position may then be legiti- 
mately inferred, by Mr Playfair's reasoning, 
in which no defect can be found, but the ab- 
sence of the fact which Werner has described. 
It is in strata of gneiss, mica-slate, and grey- 
wacke, that the changes of the angle of inclina- 
tion appear most abundantly. 

In attempting to find a cause for this va- 
riety of partial inclinations in several shistose 
rocks, I have always seen it in one of those 
marks by which Nature has indicated the for- 
mation of the strata by the mechanical descent 
of their fragments through water, on planes of 
considerable inclination. On this theory, the 
yarious angles of inclination on which the frag- 

• • • 
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ttat which can be extr^ted froni the writings 
of any one of its defender, but from seyeraL 
Thus the debacle of Sir James Hall is intro- 
ducedy though to the action of such a cause Dr. 
HuTTON and Professor Playfair are ho- 
stile +. Sir James Hall connects the doctrines 
of Hutton with the debacles of Pallas and 
Saussure. Hutton supposed an elevation of the 
contents from the sea so gentle, as to leave . no 
trace of the event, and such as to have had no 
share in producing the present state of the 
Earth's surface, which was entirely modelled 
by causes whose action we can trace daily. 
Sir James Hall, on the other hand, speaks of 
successive and sudden starts, similar to volcanic 
eruptions, though far more powerful, and giving 
rise to immense waves, like those which are in 
some cases produced by earthquakes. — Even Mr 
Playfair admits, in order to explain beds of con- 
glomerate, " that the primary shistus, after at- 
taining its erect position, had been raised up 

" to 
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^ to the surface where this gravel was formed, 
and from thence had been let down again to 
the depths of the ocean, where the secondary 
" strata were deposited upon it *•'* Such is the 
complicated hypothesis to which, in order to 
preserve a consistency with his principles, and 
to represent all beds of gravel " as a production 
peculiar to the beds of rivers, or the shores of 
the ocean," this most eloquent advocate of 
the Huttonian system is obliged to have re- 
course. 

The Huttonian Theory is in fact not only 
untenable, from the objections given in the text, 
but, as Dr Hutton left it, it is contradicted by 
the size of every valley in which the marks of 
larger rivers than now roll in them are seen on 
the form of their sides, in their alluvial beds of 
gravel and clay, and in the channels worn in the 
large masses of rock placed beyond the reach of 
the present streams. 

Another great defect in the Huttonian Sy- 
f;tem is, that besides neglecting those numerous 
marks of rapidity of formation which are visi- 
ble in many strata, it represents all strata as be- 
ing originally formed in that horizontal posi- 
tion 

« ■ % ■ ■ ■ I » ■■ ■!■» III. I ^ l^» ■ ■! 
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tion which a deposit of fine matter spread over 
the bottom of the ocean, could aloae assume. 
Mr Playfair indeed allows, that the form of the 
bottom migl^ influence, in a certain degree, the 
stratification of the substances deposited on it *. 
He is inclined to think, howeve):, that this cause 
acted to no great extent, and. that there e;s:ists a 
great parallelism of thin beds and strata in 
sandstone and in primary shistus, and hence he 
draws the inference, that because some vertical 
and highly inclined strata have been formed ho- 
rizontally, there can be no reason for not ex- 
tending the same conclusion to all f . 

Most theories of the Earth have eith^ 
formed the strata originally horizontal, and 
have elevated them, or they have always allow- 
ed for causes which had produced disturbances 
in their position. 

When we compare, here, the Huttonian 
hypothesis with the descriptions of strata given 
by Werner, wc see the difference which exists 
between a theory formed without a sufficient o1>* 
servation of mountains, wd a description of the 
appearances of Nature. 

"It 



* Illustrations, { SB» 
t Id. § 4,2. 






S95 

^' It is of the greatest importance to di* 
stinguish the general direction and inclina- 
tion of strata from the partial* To effect 
'* this, we must take the results of a number of 
'' particular observations, and compare them 
^' together ; and those similar angles which are 
*^ the most numerous, are to be considered as 
'^ expressive of the general inclination and di- 
" rection *." — ** Beds which are perpendicular 
^* at the surface of the earth become gradually 
" more horizontal as they descend f ." 

Every person who has traversed a moun- 
tain tract with the compass in his hand, has 
i^und the truth of this description of Werner* 
If in an extended tract of country, as of the 
rocks called transition grey^wacke^ we should 
find an inclination constantly varying on the 
large scale, and if we found this inclination 
equally varying in the small scale, as within the 
distance of a few yards, this would be a prdof 
that the strata had been originally deposited on 
inclined planes. For, on the supposition of a 
formation so regular as a horizontal one suppo- 
ses, the act of elevation should have no power 

to 
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to produce such minute variations in the incli- 
nation. In grey-wacke and mica-slate strata we 
often find these variations of inclination within 
the shortest spaces. Mr Pl ayfair, on th? ^her 
hand, has reasoned from there being a perfect 
equality in the component laminae of these 
rocks, in all cases *. * 

When observers are at issue with regard to 
facts, as has too often happened in Geology f, 
and often in very remarkable examples, the 
progress of truth is never impeded long. It 
is the pecuUar duty of a writer on this science 
to attend minutely tb the accounts which he 
lays before his readers, and if he can quote the 
observations of others on spots which he has 
himself visited^ an additional proof of their 
certainty i% presented. In the pr^^nt case, 
all my observations ov^r extended tracts of 
mic9rslate and grey-wacke country, have con- 
firmed the description of Werner. I have ob- 
served, in innumerable cases, the successive 

pas3agq$ 
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t One of the most remarkable instances of ijbis is ^ 
Jameson's Geognosy, p. 237. where we read : " It is an 
** incontrovertible fact^ that no veins of the substance of a 
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passages of the partial inclinations of the strata 
into each other, (if I may be allowed the ex- 
pression,) in the whole range of the mica-slate 
of the Highlands of Scotland, and in that of 
grey-wacke, which extends in Ireland from 
Belfast to the mountains of Kerry. — Thus, al- 
though elevations may have taken place in 
many of the strata, we have here a sure mark 
that these were never formed in a horizontal po- 
sition, but in positions more or less approaching 
to those in which we behold them at the pre- 
sent day. Very regular strata of sandstone and 
other rocks^ undoubtedly often appear, and an 
original horizontal position may then be legiti- 
mately inferred, by Mr Playfair's reasoning, 
in which no defect can be found, but the ab- 
sence of the fact which Werner has described. 
It is in strata of gneiss, mica-slate, and grey- 
wacke, that the changes of the angle of inclina- 
tion appear most abundantly. 

In attempting to find a cause for this va- 
riety of partial inclinations in several shistose 
rocks, I have always seen it in one of those 
marks by which Nature has indicated the for- 
mation of the strata by the mechanical descent 
of their fragments through water, on planes of 
considerable inclination. On this theory, the 
yarious angles of inclination on which the frag- 
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ments rested, would be.mo^fied by the incli- 
nation of the base or suppott, the direction of 
motions or currents, the size of the fragthentSj 
and their shape. While partial inclinations 
thus arose, a general inclination over an extend-^ 
ed tract would still remain. And the rocks on 
which this appearance occurred, would be 
those of which the fragments are largtst, as 
gneiss, mica-§late, and grey-wacke of large 
grained varieties ; in strata of finer particles, as 
clay-slate or sandstone, the appearance wouH 
not exist at all, or far more sparingly. All my 
observations have confirmed these ideas. 



Central Heat. 



(Page 2«.) 



It is almost unnecessary to treat of this 
subject at the present day. — ^No satisfactory 
evidence of the present existence of a central 
fire was ever brought forward, excepting that 
which arises from volcanoes. However active 
and abundant these are, they bear but a very 
small proportion to the extent of the surface of 
the globe. Their size, and the heights to 

• which 
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which they elevate their lavas and ashes, are hy 
no means such as would be presented, were 
they to approach the centre of the earth, or to 
descend through its mass to a depth of two or 
three thousand miles. 

Yet the Huttonian Theory requires the 
present existence of a central heat to produce 
those changes on the globe which gradually 
lead to new formations. Mr Playfair has de- 
fended the mode of action of such a central 
reservoir of fire, in an investigation which Dr 
Murray has certainly shewn to rest on data 
which cannot be reconciled with our know-» 
ledg^ of the laws of that power. And, lately, 
Uie subject has received a still greater certainty 
from the profound investigations of Professor 
Leslie, with regard to the quantity of heat sen- 
sible below the surface, the temperature of the 
ocean, the cold impulses from a clear sky, and 
the modes in which the solar rays, the only 
fountain of heat to our planet, find their distri- 
bution over its surface, and their relations to 
air and water, in an admirable economy, which 
he has been the first to discover and describe. 
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Experiments 3Hewing that the Wbrnk- 
RiAN Order of some of the Primart 
Strata is preserved in a Mechanical 
Deposit, ' 

(Page 82.) 

It was after ending a long tour in Braemar 
in the autumn of 1818^ that, having become at 
last convinced of the mechanical deposit of the 
primary strata^ from their resemblance to the 
secondary in so numerous relations, and from 
the mechanical aspects visible in them, I made 
some of the experiments described in the teiit* 
The first trials were, however, so imperfect, 
that the subject was neglected for nearly two 
years, t^U I found a small-grained granitic sand 
which answered better than the materials used 
^n the first attempts* In the mean time, I in- 
ferred the necessity of a mechanical origin, 
from the fact that specific gravity, size, and 
form of fragment, must have acted ; the plates 
of mica alone, viewed in their position in the 
strata, shewed it ; and I found the best descrip- 
tion of these, and of the constant transitions, in 
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the Geognosy of Werner. — ^These experiments, 
with small-grained fragments of felspar, quartz, 
mica, and clay-slate, will yield good results; 
the materials of granite never un^e again as 
granite at the bottom of the box ; and not 
tinfrequently the results are more regular than 
the strata of these rocks themselves generally 
present. For, in nature, the great heights from 
which the fragments are supposed to fall, and 
the variety which must have prevailed in the 
heights from which they descended, must tend 
to introduce more irregular transitions than ex- 
periments on a small scale can be supposed to 
afford. 



Mechanical Structure of the Strata. 



(Page 86.) 

To the examples given in the text of the 
mechanical structure of quartz and mica-slate 
rocks, I may add the appearances seen in the 
quartz mountains of Ireland. On the summits 
of the two Sugar-loaf mountains of the county 
of Wicklow, and on the promontory of Bray* 

head 
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head which is connected with theip, I ftnifi4 
many examples of rounded and worn pebblfs 
of quartz in^ the rock. The strats^ of these hiUs 
observe that direction from N£* to SW. which 
is seen so uniformly throughout the strata of 
Ireland. At the peninsula of Howth, the s^m^ 
direction is visible in the quart?: rock. At t\it 
quarries above the new harbour of ths^t plac^ 
there are^ in a short space^ all th^ varieties of 
passage from compact quartz-rock to cl^y, the 
latter lying above the foarmer, ogering ev^ij 
variety of induration, approaching in its Qoloors 
to hand and pofcelain*J£(sper, and coi^taining 
more and more quartz •till it passes, with a 
splintery fracture, into quartz-rock. 

From my observations on the quartz-rock 
of the county of Wicklow, and its connection 
with the mica-slate strata, visible at Powers- 
court waterfall, I am incUned to think the fiwr* 
mer rock subordinate to the latter in that tract. 

No capital in Europe is situated so favour- 
ably as Dublin for observations on primary and 
{secondary strata. The unstratified granite for- 
mation of Wicklow is on so small a scde, that 
the {principal phaeriomena of it and the rocks 
above it can be observed within a smaU compass 
of ground ; in this respect constituting a great 
contrast to the very extended scale on which 

the 
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the gise^iter part of the Island has been arran^ 
ged, in large formaticms of transitioi} grey-wacke, 
and ihore secondary rocks, which preserve for 
two hundred miles a great uniformity of direc- 
tion in their strata. The conclusions which 
may be 4rawn from so continuous a formation of 
grey-wacke are of considerable interest in the 
study of rocks on the large scale ; and I hope to 
be able soon to publish the results of the exami- 
ilation which I have made. 

The veins of granite shooting through the 
incumbent mica*slate in Killiney bay near Dub* 
lin, the hardening of the shistus, its contortions, 
and the separation of 'colours which appear in it 
at the junctions, are all of the qiost interesting 
kind» 

The Wemerian doctrine oa the chemical 
formation of gneiss and mica-slate, is defended 
by Professor Jameson*, from the appearance 
of the crystalline ftagm^its of these rocks. 
The view of their formation given in the text, 
necessarily supposes more of this appearance to 
be preserved in them than in those rocks which 
have been longer subjected to the disintegrating 
process, and have been ultimately deposited at 

a 
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a greater distance from the action oi heated 
granite. This subject is deserving of a detailed 
examination* 

Saussure and Von Buck have found rocks 
of decidedly mechanical structure interstratified 
with clay^slate, gneiss, mica-slate, and even with 
stratified gtanite. 

One Wernerian answer to this difficulty is, 
to refer all Primary rocks in such positions to 
the class of Transition rocks. This^ offers a &r 
more complex idea to the mind, than to c(»isi- 
der them all as parts of one great formation, in 
which the mechanical appearances would con-* 
tinue to increase from two causes ; — ^a disinte^- 
gration carried to a greater extent, the farther 
its materials were removed from their source, 
and an action of heat more powerful m proper- 
tion to its vicinity to the first deposits of prima* 
ry strata. 

Dr MacCulloch, after describing sevt^ 
ral mechanical appearances in mica-slate and 
quartz-rock, adds ;• — ** A mechanical arrange- 
ment in the shistose rocks appears a circum* 
stance attending on many of these, as perfect- 
ly demonstrated as any thing, of which we 
have not actually witnessed the creation, can 
" be demonstrated to our senses */' 

On 

I- 1 • ,1 ■ 'i* ■ — ^^^«_ifc^ 

* Geolog. Trans, vol. iv. p. 230, 



it 
it 

it 
it 



305 



On the Formation of Stalactites. 

/ 4 

(Page 106.) 

\ 

Since so large a part of the reasoning 
employed here, depends upon the mode of for*^ 
mation of Stalactites and Stalagmites, I shall re- 
late what I have observed respecting them in 
stalactitical caves. 

In the caves which ate abundant in lime-^ 
stone tracts of country, and where the rock is 
pure or nearly so, the stalactitical appearances 
are seen in the distinctest manner. From the 
wide or narrow fissures in the stratified rock 
above, the percolating water descends slowly, 
and falls in successive drops on the fibor below, 
with a slight noise, which is the only sound 
heard in these caverns. 

The shape of the drop of water first de- 
serves attention. Like that which is descending 
from any plane surface, or from a tubular ori- 
fice, it is narrowest at its lower convexity, and 
as it gradually approaches a contact with its sup- 
port, it widens, till reaching it, it spreads out in 
a wider expansion over the surface to which it 

u adheres. 
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adhefes. As this surface receives from the fib* 
sure the small ramifying streamlets, the drop in« 
creases in size, till a spherical globule, abk by 
its gravity to overcome the cohesive attraction 
of the water to its support, separates, and falling 
down, dashes on the floor. 

Such is the case' with drops of water in all 
similar situations of gradual increase and de- 
scent* Let us suppose that the minute stream* 
lets, which form a drop in a limestone cave, 
either hold dissolved or suspended small parti« 
elts of carbonate of lime, and that these are pre- 
cipitating or depositing. Then it is always ob- 
served, that the first deposit of matter takes 
place around the origin of the drop, where it 
spreads out over the limestone surface from 
which it depends. A circular row of particles 
is thus formed^ and united to the solid rock. 
Other rows or .layers succeed, applied to the 
former, and following in their flexure the shape 
of the drop. 

This constitutes the origin of the stalacti- 
tical column, which at first presents a thin cir- 
cular crust, of the same concave appearance 
with the upper part of the drop of water. Its 
breadth is nearly a quarter of an inch at its 
lower end, but it tapers to double that diameter 
at least at its root above. Its length will be 

less 
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less than that of the drop at first ; but this 
speedily increases^ and the drop finding in its 
interior the channel by which it descends, it of- 
fers a cylindrical tube nearly perfect, and about 
three inches in lengthy still preserving its original 
diameter, with the exception of the part where 
it is attached to the rock, and which I shall de- 
nominate its root. 

The substance of these tubes is thin, brittle^ 
and trai^lucent or semitransparent. Traces of 
a minute crystalline structure are seen on their 
exterior, which preserves a considerable smooth- 
ness* In the interior, the passage of the drop 
continues to deposit matter, and minute pyra- 
mids of calcareous spar begin to appear. These 
increase most rapidly in the lower end ; for 
there the deposit from position, takes place most 
abundantly. The extremity of the tube ends al- 
ways in small pyramids, whence the drop of li« 
quid, which is part of the fluid which fiUs the 
tube from capillary attraction, depends. The 
diameter of the column is bounded, as I have de- 
scribed, by the uniform size of the drop in a calm 
and secluded atmosphere, not very liable to be 
influenced to a great extent by those variations 
of heat and cold which would dimuiish or en- 
large it. Its length is more variable, seldom 
less than two, or more than four inches, and ap- 

u S pears 
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pears to be determined chiefly by the force of the 
capillary attraction between it and the water ; 
for the latter, having to percolate amid nmner-* 
ous minute pyramids of spar, will obviously de-* 
posit its contents higher or lower in the tube, 
according to any accidental circumstance which 
may give rise to the formation of the first pyra- 
mids which project from the interior of the 
translucent crust ; and thus a Crowding of the 
crystals unequally in the tube will diminish the 
orifice, and extend the influence of the capillary 
cohesion. Still these tubes preserve a pretty 
uniform length, particularly in the marble caves, 
about six miles from Kilkenny in Ireland, 
where many hundreds of them hang from the 
roof, averaging three inches in length. 

Thus the drop continues to percolate 
through a passage which is always narrowing as 
the accumulation of matter proceeds, till the 
tube is completely filled at the bottom by the 
union of the pyramids. — ^The rest of the process 
may be more briefly described. The filling 
taking place from the bottom, the calcareous 
matter gradually ascends, till the fluid no longer 
finds a passage through the crystals. Nature 
then pursues the accumulation of the stalactite 
in another mode. The little pillar, now become 
solid, increases on the exterior by the descent 

of 
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of water over its surface, a descent which has 
been constantly going on ; and a drop from this 
also rests on the tip of the column. The in-> 
crease continues, till, by the union of many piU 
lars in a course of years, columnar masses arise, 
like those of Antiparos or Sky. 

The stalagmite below is formed by the 
matter deposited by the c^'ops which fall on the 
floor. Here the natural tendency of depositing 
matter is to accumulate in blunt conical shapes. 
These are • at first of thin foliated structure ; 
their layers thicken by the constancy of the de- 
posit ; and gradually irtcreasing, they often rise 
so as to unite with the pillars which descend 
from above. 

Whete the limestone is not pure, but mix- 
ed with siliceous or argillaceous matter, I have 
constantly observed, that a concentric structure 
prevails in the columns, either on the large or 
the small scale. This forms another proof of 
the principle proposed in p. 171. It shews us 
that the rhomboidal, pyramidal, and prismatic 
forms of pure carbonate of lime, are interrupt- 
ed by a complexity or impurity of substance, 
and that then concentric and radiated shapes of 
imperfect crystallization come on. Such ap- 
pearances may be traced in all situations where 
the deposit is not pure ; as in caves in trap rocks 

containing 
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containing calcareous spar, or beneath the 
arches of bridges, from the matter percolated 
from the mortar which is used in their con- 
struction. 

In the large and pure stalactite, the con-* 
centric form only remains near or at the surface 
of the pillar ; the interior offers a complete cry- 
stallization ; and the fact to be accounted for is, 
how a large and perfect rhomboid' of spar arises 
from the deposit of small particles of matter. 
No formation of the whole at one •time, no si- 
multaneous process, is necessary to explain the 
appearances ; for Nature offers to our view the 
series of the formation going on in all its parts. 

Some of the older Geologists filled the 
caves with liquid, and then precipitated and 
crystallized. Every thing contradicts this sup- 
position. If we did not see the small stalactites 
forming, or the larger ones increasing before our 
eyes, their shapes alone would shew us that they 
have had their origin in the air. 

Two explanations only remain. The one, 
that the water, containing carbonic acid gas, is 
thus enabled to dissolve carbonate pf lime, 
which it lets fall as the gas evaporates. The 
other, that water conveys the carbcxiate of lime 
in minute particles to their dertination by a me- 
chanical transit* 

I 
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I do not deny the presence of carbonic acid 
gas in these situations ; and from its existence 
in the atmosphere, and its relation to water, its 
presence in larger or smaller quantities may aU 
ways be inferred. If we allow it, the deposi- 
tion of particle after particle is still as mechani- 
cal as on the other hypothesis. And we have 
still to account for those stalactites which con-* 
tain sand and clay, and for siliceous stalactites. 

Though Dr MacCulloch * is of opinion 
that a solution of silex in water is a process still 
going on, yet it is certain that pure water rests 
on the surface of quartz, rock-crystal, or sand* 
stone rocks, without exhibiting any vestige of a 
siliceous solution. The only case in which si- 
lex is dissolved by itself, (excepting when 
brought into- the state of air by fluoric acid), 
is in the well-known experiment of precipita^ 
ting it from a liquor silicum. Here the minute 
state of division is commonly assigned as the 
cause of the solution. But is it not more con- 
sistent with all our chemical knowledge, to 
ascribe the appearances in this experiment, ei- 
ther to a partial suspension of finely divided 
matter, or to the presence of alkali imperfectly 

disengaged 
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disengaged from the. earth ? A true chemical 
solution is that where water attracts and is at* 
tracted by the substance which it dissolyes. No 
attraction is sensible between silex and water 
in all ordinary circumstances. On the hypothe- 
sis of a mechanical passage of water, these dif- 
ficulties disappear ; and the whole is well rela- 
ted to the other facts mentioned in the text. 

On this subject I may add, that I have not 
drawn any conclusion from that transference of 
solid, liquid, and gaseous matter which is seen 
so distinctly in the circuits of the pile of 
VoLTA. Here ammonia in the state of gas 
traverses the substance of quicksilver ; sulphu- 
ric acid passes through a solution of potash 
without uniting with it ; while in these and 
other appearances the moist threads of flax or 
asbestus render this passage visible to a certain 
extent* Though these phaenomena are among 
the mpst interesting in physics, and offer to us 
the most unequivocal proofs of the mechanical 
transit of matter, yet as the subject is compli- 
cated with, other considerations, I have not sta- 
ted it in the text. In the explanation of the 
contents and arrangement of metallic veins, and 
in the explanation of crystallization itself, the 
action of electrical currents may, when obser- 
vations are more multiplied, supply us with a 

true 
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true theory of these phasnomena^ which is still 
so much wanted. 

I shall only add the accidental circum-< 
stance which first drew my attention, nearly ten 
years ago, to this subject. A saturated solution 
of nitre had been prepared in summer, and af* 
terwards laid aside, to be used in an experiment 
of crystallization. In the following winter I 
found at the bottom of the phial one very large 
and regular prism with perfect dihedral sum- 
mits. I was led immediately to the inference^ 
that the deposit of matter from a chemical so* 
lution like this, is as mechanical an effect as 
their structure itself exhibits. This was 
strengthened on afterwards finding crystals of 
nitre and other salts left on a plane surface, at 
some distance from each other, after slow eva- 
poration of the solvent, as mentioned in the 
text. 



On the Huttonian Explanation of some 
Minerals and Mineral Veins. 

It is remarkable, that some of the minerals 
whence Dr Hutton drew his most powerful ar- 
guments. 



gumentSy axe exactly those which no ingematy 
can reconcile to the action o£ heat. The Nep^ 
tunians of this country, stated this at an early 
period of the controversy ; hut, proceeding &r- 
ther to explain the phaenomena of Graphic Gra- 
nite and Septaria, on the principles of chemical 
solution, their ideas, being unsatisfactory to all 
acquainted with the state of chemical know* 
ledge, the explanations of Hutton came to be 
regarded as at least as good as those of their 
opponents. 

It has been, indeedy for a long time the op^ 
probrium pf the geological* reasonings of both 
parties, that, leaving a strict inductive course 
from the known laws of heat and solution in li* 
quids, they have ascribed to both these agents, 
powers of which we find no proofs in Nature* 
If it be said, that water and fire had other pro* 
perties at the formation of these minerals, than 
they have at present, no evidence of this can be 
brought. Since such ah hypothesis will explain 
the appearances in conformity to the views of 
either party, both theories meet here on equal 
ground, and both are equally unsatisfactory. 

Thus the Graphic or Portsoy Granite has 
been already shewn to be inexplicable on either 
hypothesis ^ ; as well as the numerous instances 

where 
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where crystals of one mineral shoot through the 
substance of another. I have a specunen where 
the same crystals of rutilite shoot through rock 
crystal and sulphuret of lead ; the first a more 
infusible, the second a more fusible mineral than 
the penetrating crystal. 

In arguing for the petrifaction of wood by 
a melted liquid penetrating it, Professor Flay- 
fair has been more successful * ; and some spe- 
cimens may have been formed in this mode f • 
But not one fact has ever appeared to reconcile 
to the apj^rances, his account of the presence 
of nodules of flint in chalk strata, by injection 
when fused from below. The regular arrange- 
ment of the flints in the strata, which he does 
not mention, ought alone to have prevented 
this singular explanation from being brought 
forward % ; since their presence there is as evi- 
dently owing to the action of water, as any cir- 
cumstance yet ascertained in Geological Science. 

The well known Septaria or spheroidal 
ironstones, on which Dr Hutton § laid so 

much 
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much stress, exhibit marks of both aqueous and 
igneous action. The action of water may be 

inferred from the evident mechanical nature of 
their substance, which is an iron-clay. The 
influence of heat appears in their possessing 
every variety of induration. Balls of iron-clay, 
formed by rolling, and fissured by the sun's 
rays, appear to have been afterwards, in many 
cases, penetrated by stalactitical deposits, and 
subsequently heated, often to a considerable de- 
gree. In the same specimen, it has appeared 
to me, that we have the accumulation of mat- 
ter by water, the marks of rounding, the forma- 
tion of stalactites, and the evidence of heat. 

The subject of Mineral Veins has been 
long the conflicting ground of the disciples of 
HuTTON and Werner. The descriptions of 
the latter geologist guide us to accurate ideas 
of their structure ; but several facts still remain 
to be ascertained with precision, before a true 
theory can be advanced. The variety of their 
contents, and their regular disposition along the 
sides of the vein, present obstacles to a full ex- 
planation. In the account of the fissures by 
Werner, we find no cause which can be deno- 
minated satisfactory : — " These fissures may 
" have been formed in different ways, as by 
** the unequal accumulation of rocky matter at 

'* the 
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the time of deposition ; by the loss of sup- 
port, owing to the dinunution of the water ; 
bi^ the desiccation of strata, caused by the 
consolidation of crystalline depositions ; some- 
times by earthquakes, and the softening of 
strata during long-continued rains *." The 
l^st reason is the most remarkable of the whole. 
The action of heat is a cause much simpler, 
and indeed alone competent to explain the fis"« 
sures. It is probable, however, as far as ap- 
pearances have yet shewn, that some veins have 
been filled from above. It may be shewn, too, 
that, admitting the formation of the rents by 
heat, they might, in some cases, be wider below 
than above ; in others narrower, from the effects 
of that power. Lying masses, and those large 
metalliferous cavities, denominated Putzen^ 
werks, also offer peculiar appearances, intimate- 
ly connected with regular veins. 

Whatever explanation of metallic veins be 
finally adopted, it is evident that the theory of 
Werner is entirely inconsistent with the pre- 
sent state of our knowledge. Let us allow the 
presence of a liquid which dissolves all their 
materials, and the action of precipitants to se- 
parate 
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parate them;«^till the veins could not offer 
their present appearances, because the deposi- 
tions of matter should be entirely horizontal, 
and not parallel to the sides of the vein ; be- 
cause in the veins, there is not room for the 
presence of the materials and the solvent at the 
same time ; and, finally, because if it be at« 
tempted to obviate the last mentioned objec- 
tion, by supposing a circulation of the liquid 
till the whole vein was filled, this is opposed by 
two considerations ; — ^the presence of such large 
quantities of metallic liquids as would be then 
required, and the marks of rapidity of fi)rma- 
tion in many strata, which would obviously 
prevent that circulation of the liquid on hydro- 
statical principles, in such periods of time as 
would appear probable. It has always, too> 
been remarked, that the shapes of many of the 
strings and branches of veins, prevent such a 
circulation of fluid from having ever taken place 
in them. 
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PiTCHSTOKE Porphyry. 

(Page 148.) 

Since this sheet was printed, I have found 
that Dr Ogilby of Dublin was the first who 
traced, several years ago, the transitions of the 
Porphyry of Sandy-brae, in the county of An- 
trim. He discovered that it passes, on the one 
hand, into porphyritic clay-stone, and clay of 
little induration ; and, on the other, into com- 
pact felspar, and rarely into a mineral approach- 
ing in its characters to red jasper *. These ob- 
servations of this excellent geologist, are ex- 
tremely valuable, from the relations which 
they present between this porphyry and the red 
Causeway clay. 



DiSlNTEGRATIOK 



* See a Note of Dr Ogilby's Discoveries in TiUoch's 
Philos. Mag. 18112, vol xxzu. p. 398. 
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DiSIN'raORATION OF THE StRATA. 

(Page 260.) 

Mr Stevenson, in the second volume of 
the Wernerian Transactions, has lately collect- 
ed numerous appearances of the wearing away 
of the coasts of the British Islands, and ascribes 
the changes to the rise of the German ocean, in 
consequence of its base being elevated by the 
spoils poured into it in a course of ages. . 

These observations are extremely useful in 
Geology; and they should be connected with 
the numerous formations of new land which 
are constantly going forward on the same coast, 
and many of which have attained to a consider- 
able extent within the period of the last cen- 
tury. Of those- on the Scottish and English 
coasts, I have collected several instances. 

Cuvier has related several appearances of 
this kind on the shores of the Hadriatic ; and 
many others have been enumerated by different 
writers. 

But 
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Btit the want of extended obseryatioiis on 
the level of the sea, is still felt as much as ever 
hy Geologists J and Mr Playfair^ after he has 
ascribed the sinking level of the ocean on our 
eesEists to the slovir elevation of the land^ acknow- 
ledges the imperfection of the data which have 
been hitherto brought forward ^* 

Where our observations stop, our reason- 
ings must cease* It can onlj be said, that, as 
this question stands at {>resent^ many proofs of 
the rise of the sea, in some spots, and of its re« 
treat in others, have been observed. But, in 
a sctPfs of changes, of which we have hitherto 
exaimned but a very minute part, we cannot 
expect, as yet^ the confirmation which a true 
theory requires* At wy rate, we have no data 
for believing in the hypothesis of Hutton, that 
the land j;s slowly rising by the central heat, 
and thus exhibiting to us a diminished level in 
the ocean. The fact, that in this thebry the 
bed of the 6ea is constantly separated from the 
continents and islands to which it is contiguous, 
and of which it forms a part ; and the idea of 
the beat only acting to ekvate the land, with* 
Qu^ raising at the same time the bed of the 

K ocean 
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ocean itself ; are assumptions to which there is 
certainly attached nothing of that spirit of phi- 
losophical induction which can alone guide us 
to the truth. 

It may still be said, in opposition to the 
views taken in the text, that, after allowing all 
the causes which tend to preserve the moun- 
tains, if one ounce of matter finds its way 
to the bottom of the ocean in one year, or in a 
thousand, the destruction of the present order 
of things 'may finally be attained, as surely ag 
by the most rapid decay. 

" These operations," (says Professor Play- 
fair), " inconsiderable if taken separately, be- 
" come great, by conspiring all to the same end, 
" never counteracting one another, but pro- 
** ceeding, through a period of indefinite ex- 
" tent, continually in the same direction. Thui 
every thing descends, nothing returns up- 
ward ; the hard and solid bodies every where 
^^ dissolve, and the loose and soft no where con- 
^ solidate. The powers which tend to pre- 
" serve, and those which tend to change the 
^' condition of the earth's surface, are never in 
equilibrio; the latter are, in all cases, the 
most powerful ; and, in respect of the former, 
^ are like livings in comparison of dead forces. 
^* Hence the law of decay is one which sufiers 

" no 
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^ iK> exception. The elements of all bodi^ 
^' were once loose and unconnected ; and to the 
^^same state nature has appointed that they 
" should all return *." 

The imperfection of this reasoning consists 
in the affirmation, that no formation of consoli- 
dated land is daily going forward j and in its 
neglecting the constant relation which Nature 
offers to our view, between this formation, and 
the decay and waste of all mineral substances. 
We cannot prove that the new land, raising by 
the action of the sea, by coral-worms, or by vol- 
canic fires, is exactly equal to the waste of the 
present continents, because we a^e not yet pro- 
vided with a sufficient number of facts and ob- 
servations to be able to state this equality. It 
is an immense series of effects, of which, in any 
assignable period of time, we can observe only a 
few. But, for the same reason, no Huttonlans 
can prove that' they are unequal^ and that the 
decay preponderates over the renovation. This 
it rests with them to do. If it cannot be shewn 
to be the fact, the principle of Dr Hutxok, 
that the land is gradually wearing awaj^, be* 
<:omes an assertion, of the truth of which we 

X 2 have 
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bire indeed iimuaierable ptoofi, if tre regard it 
by itself; but of which we have no evidence 
whatever, if we consider it as a part of the $j^ 
tern of the world, which is niet by constant re- 
novating powers. The land indeed decays; 
but the moment tbe 6ec^J commences, we have 
seen that preserving forces begin to act on the 
sea^shore, on the banks of riveis, and on tiie 
precipices of mountains *i In prolonged pe- 
riods of time, the ultimate decay which goes 
slowly forward, is met by the consolidation of 
new land^which rises from the ocean. In this 
beautiful harmony, extending around the globe, 
and acting in every n^nrntain and plain, every 
tiver, and every sea, Man is enabled to view 
but a part ; but from that part he can it^r 
with certainty, that rio inequality, no want of 
an exact cquiKbtium between the destroying 
and renewing forces employed by Nature; has 
yet been found f. 

^ COKNECTION 

* See abone, p. £53. 

t It is not here conchided, that no marks of ineqnaUty 
between the dsdcscy and ronewal may not be A>und in,fbtiife 
timea> and after more extended observations than we at 
present possess^ are collected ; but only^ that no traces of 
infequal!^ of the destroying und renewing fbrces have 
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^ been shewn jto exist by Dr Button and Professor Play- 
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Connection of Geology with t»e Scrip^ 

TURES, 

(Page 865.) 

In this pafi9age, I have dooe little more th»i 
expand the ideas of Lord Bacon : — 

^* Pessima enioi res est erronun apotheosis^ 
et pffo pei^ intellectus haboada est» si vanis ac^ 
cedat reneratio* Huic autesa vanitati nonnuJU 
eK xnoderois susiraa levUate ita indulserunt, uty 
ia primo ca^itulo Geneseos^ et in Ubio Job^.i^jt. 
aliis Scriptum Sacrtf^ philosophiam ^atur^alenoi 
fiiiodart conati sint; ioteir Vita qu<aere&tes 
MoiiTtJA. Taiato lOAgis h»c vanitas inhibeoda . 
veoit. et coercesda^ qwa, esc diyinoram et humur . 
ncamm jsodesaoa adtmi:(tione9 fum solum edwi^ 
tur philoao9hift phantastica^ sed etiam religio 
h^retjca. Itaque, sah^tare admodum est, si 
nsente sotmi, fidei taotum dentur qu^e fidei 
sunt" 

Nov* Org* Lib. 1. Aph. 65. 
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This is a passage which cannot be too of- 
ten remembered, and which, like many others 
ID the same immortal -work, is pregnant with 
the spirit of true wisdom. It seems, as Profes- 
sor Playfair justly remarks, to have been pro- 
phetically addressed to De Luc, ELirwan, and 
the other cosmogonists of the present day, who 
have done all in their power to degrade the 
Sacred Writings by the arguments which they 
have brought forward in their defence. 

It is somewhat painful to revert to such 
opinions, even when published under the sanc- 
tion of great names, or embodied in the Trans-* 
actions of Learned Academies^ So mischievous, 
and so destructive of private and public peace do 
some of these speculations become, that what- 
ever attention we owe to the facts and descrip- 
tions of these writers, we owe no regard to- their 
arguments on this subject, with which they have 
intermingled their discussions on minerals and 
strata. Posterity will scarcely believe, that a 
question exactly similar to many agitated in the 
tenth century, and in the darkest schools, was 
discussed in many pages by De Luc and Kirwan. 
Be Luc ascribing the strata to the Deluge^ main* 
tained that Noah's olive branch grew on an- 
island which floated and survived the wreck. 

Mr 



087 

Mr ELirwan ^ combats this . idea ; and De Luc, 
in his Travels^ returns at great length to the 
charge. Mr Kirwan, in treating of the prinuss^ 
val globe, calls in Hindoo traditions, which he 
denominates orthodox, to support his geological 
tenets f. In like manner, . Dr. Richarjo^on |, 
in writing a paper against Dr Hutton, treats 
extensively of what he calls a Conspiracy against 
the Scriptures ; and though it is not unlikely, 
that some authors whom he mentions, imagined 
that they had overthrown the Mosaic account, 
by their imperfect observations, yet it must still 
be inquired, what relation this has to the aque- 
ous or igneous origin of basalt, with which Dr 
Richardson connects it. For, after all these dis-* 
cussions, we must still resort to the nature of 
the mineral itself, since it alone can supply that 
truth which satisfies the mind. 

Dr Richardson, who tells us that " Nature 
^* at the Causeway changes her materials, and at 
" Portrush changes her style, ^Imost every hun- 

" dred 



* Irish Academy Tzansactions, voL vt. p. 277- 

t De Luc's latest principles may be seeii in his. Tra-^ 
vels^ voL t. p. 110, 1800. 

X Irish Academy Transactions^ 180$, vol. ix. p. 4.^9* 
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*' dred yafds *^^^ condudei Us Uttt pap» by tettik- 
ing lava a factitious substmoe, while he thitdoB 
that basalt bears evident marks of the ha&d of 
Nature f . 

A highly praiseworthy and good divine, 
who was sent in 1814 to distribute the Icdan* 
die Bible to the natives of Iceland^ has, in a 
late work on that country, described many in^ 
teresting appearances of heat with which Jt 
abounds. Besides these, however, he finds seve- 
ral traces of lava in the Scriptures, and has col- 
lected the passages where he thinks it is men- 
tioned. He not only incrusts Lot's wife with 
that substance, but comments on 9d Fteter, iii. 
10., and is of opinicxi that the earth was divid- 
ed by vcdcanic fire in the days of Peleg X- — Such 
discussions must always be deprecated, because 
they connect an imperfect science with the Scrip- 
tures, and come under the just censure of Lord 

Bacon, 



* Irish Transactions^ voL iz. p. 486^ 

t Irish Academy Tnsisactionsy vol. x»'p.9St^ 

X Genesis^ x. 25. 
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Bacon, givtn above; ** ^HiiQ$0PHi4^ fHA^TM<^ 

Were cor present knowledge of Qeologj 
of DO Other use but to exhibit their abrordity, 
it would be of c(x^iderable advantage to tbe 
inter^ts of science* 



Some Advantages of the New Theory or 

THE Earth. 

(Page 270.) 

The advantages of the views here given 
in furnishing an explanation of many geologi-> 
cal phsenomena hitherto unexplained, or ac-^ 
counted for by hypotheses which are often of a 
complex kind, are very numerous. 

Both our prevailing theories have beeq 
for a long time unsatisfactory to all reflecting 
minds, from the imperfect nature of tbe evi- 
dence and the reasonings which they have 
brought forward. It has now become evident 

that 



* See ft Jimnal in Icelaiid by Dr Ebene^er Heiider<< 
fOD, 1818, voL I. and Vol ii. p. 117^ &c. 
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that neither of them possesses a right to aspire 
to rank as a true explanation of the construe* 
tion of the world. 

The theory of the appearances given in 
the foregoing pages^ requires no aqueous or 
other solvent for the materials of the crust of 
the earth ; and yet, admitting the action of wa- 
ter in modelling all the strata, from the oldest 
gneiss to the newest alluvion, it preserves all 
the advantages of the power of that great agent, 
without supposing it to act in dissolving sub- 
stances for which it has no attraction. 

The formation of the unstratified rocks by 
heat, the explanation of the origin of this heat, 

and its existence for the time during which it act- 
ed as the cause of the consolidation of the strata, 
are brought forward unincumbered by the hy- 
pothesis of a central fire constantly acting, the 
presence of which is opposed by so many facts 
connected with the temperature of our planet. 

The simple principles of disintegration of 
the materials of granite under water, and con* 
solidation of the strata thus formed by heat, 
allow us to explain a large range of phaenome^ 
na; to trace many circumstances in the con- 
stitution of the strata to their causes ; to find 
in all of them a mechanical deposit, and in the 
unstratified rocks marks of an igneous origin. 

The 
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The same principles give rise to the explanation- 
of the gradual transitions of one rock into ano- 
ther, of their alternations, and of the variety of 
induration and inclination seen in many of them; 
in fine, to the relations of the stratified with the 
unstratified rocks, and the intimate connection 
between the nature of unstratified granite and 
the stratified gneiss and other strata above it. 
Though it can be shewn that several of these 
strata have been deposited upon planes of incli- 
nation, yet as the action of the fused masses 
below them would continue for a long time, a 
provision thus arises for many of the disturban- 
ces and elevations visible in the strata. Their 
general direction in many cases it has been 
attempted to associate with the rotation of the 
globe in an easterly course. 

An inquiry into the nature of crystallizing 
substance is a necessary part of a theory which 
assumes the explanation of the earth. This ob- 
ject, hitherto so much neglected, has supplied 
several conclusions which aflford great assistance 
in forming accurate ideas of the formation of 
crystals, and of the strata which enclose them. 

The position and nature of Basaltic Rocks 
lead to the relations between them and granite 
and other imstratified rocks ; and in the struc- 
ture of all these, no marks peculiar to aqueous 

or 
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or igneous action have been fbiind^ Hence 
arises the necessity of inquiring into the mode 
of distribution of the colours disseminated 
through these rocks^ in order to affibrd a test of 
their origin. That origin has been found iu 
heat, which also forms the only consolidating 
power. 

The difference which exists^ in maoy cases 



between Granite and Basalt, with regard to their 
relations to the strata connected with them in 
position^ has been stated ; the former, when iin- 
stratified, not overflowing, but having had stra- 
ta deposited above it in mantle-shaped forms ^ 
the latter, also elevated by beat at a subsequent 
sera, often overflowmg above strata previously 
deposited, and thus depressing them, so ^s to 
give rise to their arrangement in the concave 
manner. An additional proof of this arises from 
the difference between graiiite veins and whiu- 
dykes ^. The former have risen up in fissures 
which are often ramified to a great minuteness, 
through the substance of layers of shistus when 
depositing, where it has been attempted to 
assign a cause for the formation of the rents. 
While the latter present no braaching appear- * 
ances, the basaltic rock having in general occu- 
pied 

* See above, p. 225^^Note. 
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jjied cfifcfcuws of conaderalrle - unifoiinity cut 
through strata which had heen laid down, and 
often consolidated before the rents were made. 

Ail tbese principles have been connected 
mth the decay of the land, and the constant re- 
lation which this bears to the preserving causes, 
and tbc consolidation of new substances, which 
are daify seen in action in the world. 

The objections to these views, as far as I 
iaiow dieiii, I have endeavoured to state, as 
•well as the opfiosing opinions of the principal 
observers iand theorists, in order that the reader 
may have before him a faithful transcript of the 
iopinions of others^ or references to their wxit^ 
ings. It tnay be remarked here^ that* the view, 
l^ven bf the fbtmskion of the land is not com> 
f£calted with the question of a resting-place for 
Ihe wlttecs ; Jsr^ tbs land arising gradually from 
them^ they would occupy a higher level ovfer 
the lower tracts of sea, or^ rest partly on lands 
which the fajeat had not' elevated to the same 
jhdight as our present continents.. — ^When gra^ 
^itic and.basoltic rocksoccur interstratified with 
Esther beds, am qKidanatiion is supplied by the 
immediate consolidatian of these unstratified 
rocks when disintegrating, and their deposition 
in strata, Beds of crystalline greenstone may 
thus alternate with sandstone, for the water 

• has 
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has no powers but mechanical, and the heat 
would reach and melt strata of greenstone at a 
temperature in which sand would not even 
consolidate* In a similar mode, the explana- 
tion of stratified granite may follow from its 
deposition from the unstratified masses of the 
same rock near it. Strata of limestone inclosing 
shells may become highly crystalline, from 
their being more easily affected by heat than 
the strata of secondary clay or sandstone rocks 
which lie above and below them. — ^A third ob- 
jection may arise from the limestone itself ; but 
its origin from granites containing it has been 
hinted, and it occurs, when primary, in several 
countries in unstratified masses '^, which, from 
their softness, may be supposed to distintegrate 
more rapidly and extensively than any of the 
other primary rocks, and thus give rise to that 
abundance of limestone strata which appears in 
the later formations. 

It is another result of these views, that on- 
ly one formation of strata seems to have taken 
place over the greater masses of the earth's sur- 
face. This is associated with the appearances 
which indicate one formation of shells, in a gra- 
duating 

• * 

* Jameson's Geognoey^ p. 56. 
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duating series from the oldest and extinct spe« 
cies to those which connect or are the same 
with the shells of our present seas. The gene- 
rations of these may he supposed to form, as the 
level of the waters gradually decreased, while the 
consolidating power was still in action below the 
strata ; or the subsequent formation of basaltic 
rocks, may hare affected to a distance the sur- 
rounding tracts. 

While no marks of a formation from the 
ruins of a former state of the globe are thus ob- 
served, it is evident that several phaenomena 
still remain to be explained. The interpreta- 
tion of nature can only be supplied by the dili- 
gent study of the minute crystal and the ranges 
of the mountains. It is requisite, however, that 
our explanations should be in unison with the 
kgitimatc parts of our knowledge, or at least 
should not contradict them. Whatever is cer- 
tain should be carefully distinguished from what 
is entirely hypothetical. Of the ultimate pro- 
gress of a science where so much that is inte- 
resting and useful, is already known, it would be 
contrary to the spirit of true Philosophy ever to 
despair. 

FINIS. 



P. Nail, Printer. 



CORAIGENDA. 

Contents* p. tir. 1. 17. /or plains of tlie oceaOf rtad plains and the oeean^ 
Page &7» 1. 17. This is stated too generally; for primary limestone an4> 

serpentine occur unstratified. 
— -— 77. 1* l&yor dost reod closest 
— — • 95. L 19. itfter are insert ofiten 
-— 149. wnte^ 1. l.ybr layer read larger 
-— — 808» L 9. /or deposit. rea<2 ibrmation. 
— r- 150. 1. 5.ybr tii^ read i^ 

■ 262. 1. 7./W each rcoci every 
-^— - 251. notei 1. 4. /or passes read passing 



Mr CiiARKE Absx*, in his Narrative of the late- 
Chinese Endbassy^ just publisfied^ has given a detailed 
description of the granite veins in the shistus, which 
are seen on Table Mountain, at the Cape of Good 
Hope. From the facts which he has observed, and 
particularly from the relations which he has traced 
from granite, decomposing granite, and conglomerate, 
to a horizontally stratified sandstone, he has drawn in- 
ferences irrcconcileable with theWernerian arid Hut- 

r 

tonian hypotheses, and of a nature very nearly the 
same with^ those given in the preceding pages. The 
Geological student will find much that is interesting 
in Mr AbePs details. (Narrative of a Jov/mey in the 
Interior ofChinay &c — ^p. 287.-305.) - ' 
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